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6HFWLRQ�����P��RI�WKH�&$$�UHTXLUHV�(3$�WR�DVVHVV�WKH�HQYLURQPHQWDO�DQG�KXPDQ�KHDOWK
HIIHFWV�DWWULEXWDEOH�WR�DWPRVSKHULF�GHSRVLWLRQ�WR�WKH�*UHDW�:DWHUV�DQG�WR�DVVHVV�ZKHWKHU
DWPRVSKHULF�SROOXWDQW�ORDGLQJV�WR�WKH�*UHDW�:DWHUV�FDXVH�RU�FRQWULEXWH�WR�H[FHHGDQFHV�RI
GULQNLQJ�ZDWHU�RU�ZDWHU�TXDOLW\�VWDQGDUGV���

$GYHUVH�HIIHFWV�RQ�HQYLURQPHQWDO�DQG�KXPDQ�KHDOWK�DQG�H[FHHGDQFHV�RI�GULQNLQJ�ZDWHU
RU�ZDWHU�TXDOLW\�VWDQGDUGV�WKDW�UHVXOW�IURP�WKH�SROOXWDQWV�RI�FRQFHUQ�DUH�SLHFHV�RI�D�ODUJHU�SX]]OH
RI�ZKDW�KDSSHQV�WR�WKH�SROOXWDQWV�RI�FRQFHUQ�DIWHU�WKH\�DUH�GHSRVLWHG�WR�WKH�*UHDW�:DWHUV���$IWHU
EHLQJ�GHSRVLWHG�WR�ZDWHU��WKH�SROOXWDQWV�FDQ�ELQG�WR�SDUWLFOHV��FRQFHQWUDWH�DW�WKH�ZDWHU�VXUIDFH�
GLVVROYH�LQ�WKH�ZDWHU��DQG�RU��LI�VXIILFLHQWO\�YRODWLOH��HVFDSH�DV�JDVHV�EDFN�LQWR�WKH�DLU���(FRV\VWHPV
DQG�KXPDQV�PD\�EH�H[SRVHG�WR�WKHVH�SROOXWDQWV�WKURXJK�YDULRXV�H[SRVXUH�URXWHV��H�J���IRRG
FRQVXPSWLRQ����([FHHGDQFHV�RI�ZDWHU�TXDOLW\�FULWHULD�RU�VWDQGDUGV�DUH�RQH�PHDQV�RI�DVVHVVLQJ�WKH
OHYHOV�RI�WKH�SROOXWDQWV�LQ�ZDWHU�DQG�ELRWD�WR�ZKLFK�HFRV\VWHPV�DQG�KXPDQV�PD\�EH�H[SRVHG��
)ROORZLQJ�H[SRVXUH�WR�WKH�SROOXWDQWV�RI�FRQFHUQ��HFRV\VWHPV�DQG�KXPDQV�PD\�H[SHULHQFH
DGYHUVH�KHDOWK�HIIHFWV�

$W�WKLV�WLPH��LW�LV�QRW�SRVVLEOH�WR�GLVWLQJXLVK�EHWZHHQ�HIIHFWV�FDXVHG�E\�DLUERUQH�SROOXWDQWV
DQG�WKH�VDPH�SROOXWDQWV�GHOLYHUHG�E\�ZDWHUERUQH�RU�RWKHU�URXWHV���,Q�WKH�DEVHQFH�RI�GDWD�WR�WKH
FRQWUDU\��(3$�WDNHV�WKH�SRVLWLRQ�WKDW�WKH�FRQWULEXWLRQ�RI�DLUERUQH�SROOXWDQWV�WR�DGYHUVH�HIIHFWV
FRUUHVSRQGV�WR�WKH�UHODWLYH�DLU�FRQWULEXWLRQ�E\�YDULRXV�URXWHV�WR�SROOXWDQW�ORDGV��LQFOXGLQJ
UHOHDVHV�RI�KLVWRULF�ORDGLQJV�IURP�VHGLPHQWV�

7KLV�FKDSWHU�LV�GLYLGHG�LQWR�ILYH�VHFWLRQV�WKDW�GLVFXVV�

& ([SRVXUH�URXWHV�DQG�H[WHQW�RI�FRQWDPLQDWLRQ�LQ�WKH�*UHDW�:DWHUV��6HFWLRQ�,,�$��

& /HYHO�RI�FRQWDPLQDWLRQ�LQ�ELRWD�RI�WKH�*UHDW�:DWHUV��6HFWLRQ�,,�%���

& 3RWHQWLDO�HFRORJLFDO�HIIHFWV�WKDW�PD\�UHVXOW�IURP�H[SRVXUH�WR�WKH�SROOXWDQWV�RI
FRQFHUQ��6HFWLRQ�,,�&��

& 3RWHQWLDO�KXPDQ�KHDOWK�HIIHFWV�WKDW�PD\�UHVXOW�IURP�H[SRVXUH�WR�WKH�SROOXWDQWV�RI
FRQFHUQ��6HFWLRQ�,,�'���DQG

& 2WKHU�SRWHQWLDO�HIIHFWV��VXFK�DV�UHFUHDWLRQDO�ILVKLQJ�ORVVHV��DWWULEXWDEOH�WR�WKH
SROOXWDQWV�RI�FRQFHUQ��6HFWLRQ�,,�(��

6HFWLRQV�,,�$��,,�&��DQG�,,�'�XSGDWH�LQIRUPDWLRQ�WKDW�ZDV�SUHVHQWHG�LQ�WKH�)LUVW�5HSRUW�WR
&RQJUHVV��8�6��(3$�����D����7KHVH�VHFWLRQV�EHJLQ�ZLWK�D�EULHI�VXPPDU\�RI�WKH�LQIRUPDWLRQ
SUHVHQWHG�LQ�WKH�)LUVW�5HSRUW�WR�&RQJUHVV�WR�SURYLGH�D�IRXQGDWLRQ�IRU�WKH�VXEVHTXHQW�GLVFXVVLRQ
RI�WKH�UHFHQW�LQIRUPDWLRQ�DYDLODEOH�IRU�WKLV�UHSRUW�
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,,�$��([SRVXUH�5RXWHV�DQG�([WHQW�RI�&RQWDPLQDWLRQ

7KLV�VHFWLRQ�SUHVHQWV�LQIRUPDWLRQ�RQ�WKH�H[SRVXUH�URXWHV�RI�FRQFHUQ�IRU�KXPDQV�DQG
HFRV\VWHPV�DQG�WKH�H[WHQW�RI�FRQWDPLQDWLRQ�LQ�WKH�*UHDW�:DWHUV���7KH�PHDVXUHV�XVHG�LQ�WKLV
UHSRUW�WR�DVVHVV�SROOXWDQW�H[SRVXUH�DQG�WKH�H[WHQW�RI�FRQWDPLQDWLRQ�DUH�H[FHHGDQFHV�RI�ZDWHU
TXDOLW\�FULWHULD�DQG�WKH�LVVXDQFH�RI�ILVKLQJ�UHVWULFWLRQV�DQG�ILVK�FRQVXPSWLRQ�DGYLVRULHV���/HYHOV�RI
FRQWDPLQDWLRQ�LQ�ELRWD�DUH�GLVFXVVHG�VHSDUDWHO\�LQ�6HFWLRQ�,,�%�

$V�QRWHG�HDUOLHU��WKH�UHODWLRQVKLS�EHWZHHQ�H[SRVXUH�DQG�UHVXOWLQJ�DGYHUVH�HIIHFWV�RI�WR[LF
SROOXWDQWV�DQG�DWPRVSKHULF�GHSRVLWLRQ�LV�QRW�ZHOO�XQGHUVWRRG���$V�GHVFULEHG�LQ�WKH�)LUVW�5HSRUW�
VRPH�FRUUHODWLRQV�DQG�OLQNDJHV�KDYH�EHHQ�HVWDEOLVKHG�EHWZHHQ�VSHFLILF�SROOXWDQWV�RI�FRQFHUQ�DQG
H[SRVXUH�DQG�HIIHFWV�LQ�WKH�*UHDW�:DWHUV���0DQ\�SROOXWDQWV�WKDW�DUH�D�FRQFHUQ�GXH�WR�DWPRVSKHULF
GHSRVLWLRQ�DOVR�KDYH�D�ORQJ�KLVWRU\�RI�GLUHFW�VXUIDFH�ZDWHU�GLVFKDUJHV�WR�WKH�*UHDW�:DWHUV���,Q
DGGLWLRQ��FXUUHQW�SROOXWDQW�OHYHOV�LQ�ZDWHUERGLHV�PD\�LQFOXGH�WKH�FRQWULEXWLRQ�RI�SROOXWDQWV�WKDW
HQWHU�WKURXJK�JURXQGZDWHU��WKDW�DUH�UHF\FOHG�IURP�VHGLPHQWV��RU�WKDW�DUH�UHVXVSHQGHG��IROORZLQJ
HDUOLHU�GHSRVLWLRQ��DQG�UHGHSRVLWHG�DW�RWKHU�ORFDWLRQV���7KHUH�FXUUHQWO\�LV�QR�HYLGHQFH�DYDLODEOH�WR
VXJJHVW�WKDW�WKH�SROOXWDQWV�GHSRVLWHG�IURP�WKH�DLU�ZLOO�KDYH�HIIHFWV�RQ�ELRWD�DQ\�GLIIHUHQW�IURP
WKH�HIIHFWV�RI�WKHVH�VDPH�SROOXWDQWV�FDUULHG�LQ�ZDWHU�RU�IRXQG�LQ�VHGLPHQW�

&RQFOXVLRQV�IURP�WKH�)LUVW�5HSRUW�WR�&RQJUHVV

$V�PHQWLRQHG�DERYH��LQIRUPDWLRQ�IURP�WKH�)LUVW�5HSRUW�WR�&RQJUHVV�LV�SUHVHQWHG�KHUH�WR
SURYLGH�D�IRXQGDWLRQ�IRU�WKH�VXEVHTXHQW�GLVFXVVLRQ�RI�WKH�UHFHQW�LQIRUPDWLRQ�DYDLODEOH�IRU�WKH
6HFRQG�5HSRUW���7KH�UHVHDUFK�ILQGLQJV�DQG�VWXGLHV�SUHVHQWHG�LQ�WKH�)LUVW�5HSRUW��DV�ZHOO�DV�WKH
EDFNJURXQG�GRFXPHQW�RQ�H[SRVXUH�DQG�HIIHFWV��6ZDLQ�HW�DO������D���OHG�WR�WKH�IROORZLQJ
FRQFOXVLRQV�FRQFHUQLQJ�H[SRVXUH�URXWHV�DQG�H[WHQW�RI�FRQWDPLQDWLRQ�LQ�WKH�*UHDW�:DWHUV�

® )RU�ZDWHU�SROOXWDQWV�WKDW�DUH�GHULYHG�IURP�DWPRVSKHULF�GHSRVLWLRQ��WKH�PDMRU�URXWHV�RI
H[SRVXUH�DUH�IDLUO\�ZHOO�XQGHUVWRRG���7KH�PDLQ�H[SRVXUH�URXWHV�RI�FRQFHUQ�IRU�DQLPDOV�
DUH�LQWDNH�RI�IRRG��LQWDNH�RI�GULQNLQJ�ZDWHU��DQG�GLUHFW�FRQWDFW�ZLWK�ZDWHU���([SRVXUH
URXWHV�IRU�SODQWV�LQFOXGH�ZDWHU�XSWDNH�DQG�GLUHFW�FRQWDFW���)RU�KXPDQV�DQG�ILVK�HDWLQJ
ELUGV�DQG�PDPPDOV��LQWDNH�RI�IRRG��H�J���FRQWDPLQDWHG�ILVK��LV�WKH�PDLQ�H[SRVXUH������
URXWH�RI�FRQFHUQ�IRU�SROOXWDQWV�WKDW�DUH�SHUVLVWHQW�LQ�WKH�HQYLURQPHQW�DQG�WKDW�WHQG�WR
ELRDFFXPXODWH�

® 7KH�SROOXWDQWV�RI�FRQFHUQ�JHQHUDOO\�DUH�SHUVLVWHQW�LQ�WKH�HQYLURQPHQW�DQG�WHQG�WR
DFFXPXODWH�LQ�IDW�RU�PXVFOH�WLVVXH�DQG��DV�D�UHVXOW�RI�IRRG�ZHE�LQWHUDFWLRQV��UHDFK�WKH
KLJKHVW�FRQFHQWUDWLRQV�LQ�DQLPDOV�DW�WKH�WRS�RI�WKH�IRRG�ZHE��LQFOXGLQJ�KXPDQV��������
7KHVH�FKDUDFWHULVWLFV�DOORZ�WKH�SROOXWDQWV�WR�UHPDLQ�LQ�WKH�HQYLURQPHQW�DQG�DQLPDO��
WLVVXH�IRU�ORQJ�SHULRGV�RI�WLPH��LQFUHDVLQJ�WKH�RSSRUWXQLW\�IRU�H[SRVXUH�DQG�UHVXOWLQJ�����
LQ�JUHDWHU�H[SRVXUHV�WR�DQLPDOV�DW�WKH�WRS�RI�WKH�IRRG�ZHE�

® 7KH�WHQGHQF\�RI�WKH�SROOXWDQWV�RI�FRQFHUQ�WR�ELRFRQFHQWUDWH�DQG�ELRPDJQLI\�ZDV
VXSSRUWHG�E\�QXPHURXV�VWXGLHV�VXPPDUL]HG�LQ�WKH�)LUVW�5HSRUW����6HH�VLGHEDU�RQ�QH[W
SDJH�IRU�GHILQLWLRQ�RI�WHUPV���1RWH�WKDW�WKHVH�WHUPV�PD\�EH�XVHG�ZLWK�VRPHZKDW��
GLIIHUHQW�HPSKDVLV�E\�GLIIHUHQW�DXWKRUV���7KLV�VXPPDU\�LV�EDVHG�RQ�FRPPRQ�XVDJHV��
IURP�PDQ\�DUWLFOHV�UHYLHZHG�IRU�WKLV�UHSRUW����(YLGHQFH�SUHVHQWHG�E\�WKHVH�VWXGLHV
LQFOXGHG�������GRFXPHQWHG�FDVHV�RI�HOHYDWHG�OHYHOV�RI�SHUVLVWHQW�WR[LF�SROOXWDQWV�LQ�
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Distinguishing Common Terms
Describing Bioaccumulation

Bioaccumulation  is the uptake and retention
of a chemical by a living organism as a result of
intake of food, intake of drinking water, direct
contact, or inhalation.

Bioconcentration  is the phenomenon by
which chemicals become more concentrated in an
organism than in its surrounding environment.

Biomagnification  is the phenomenon by
which chemicals become more concentrated in
animals at higher levels in the food web.

YDULRXV�ILVK�VSHFLHV�FRPSDUHG�WR�OHYHOV�LQ
ZDWHU�DQG��LQ�PDQ\�FDVHV��OHYHOV�LQ�VHGLPHQW�
����GDWD�VKRZLQJ�WKDW�SUHGDWRUV��H�J���WKH
KHUULQJ�JXOO��EDOG�HDJOH��DQG�WXUWOH��LQ�WKH
*UHDW�/DNHV�UHJLRQ�KDYH�KDG�VRPH�RI�WKH
KLJKHVW�UHSRUWHG�FRQFHQWUDWLRQV�RI�SHUVLVWHQW
WR[LF�FKHPLFDOV�LQ�WKHLU�WLVVXHV��DQG�����GDWD
LQGLFDWLQJ�WKDW�SHRSOH�ZKR�UHJXODUO\
FRQVXPHG�ILVK�IURP�/DNH�0LFKLJDQ�LQ�WKH
����V�KDG�VLJQLILFDQWO\�KLJKHU�FRQFHQWUDWLRQV
RI�3&%V�DQG�SHVWLFLGHV��VXFK�DV�''7��LQ�WKHLU
WLVVXHV�FRPSDUHG�ZLWK�WKRVH�ZKR�GLG�QRW
FRQVXPH�ILVK�

® %DVHG�RQ�WKH�PRVW�FXUUHQW
LQIRUPDWLRQ�DYDLODEOH�IRU�WKH�)LUVW
5HSRUW�WR�&RQJUHVV��SRUWLRQV�RI�DOO�RI�WKH�*UHDW�/DNHV�DQG�PDQ\�DVVRFLDWHG�ZDWHUERGLHV�
&KHVDSHDNH�%D\��DQG�/DNH�&KDPSODLQ�KDG�VRPH�NLQG�RI�DGYLVRU\�RQ�ILVK�FRQVXPSWLRQ�DW
WKDW�WLPH�

® 8QGHUVWDQGLQJ�RI�WKH�FRQWULEXWLRQ�RI�DWPRVSKHULF�GHSRVLWLRQ�WR�RYHUDOO�H[SRVXUH�ZDV
OLPLWHG�IRU�WKH�)LUVW�5HSRUW�WR�&RQJUHVV�EHFDXVH�������RYHUDOO�H[SRVXUH�WR�WR[LF�ZDWHU
SROOXWDQWV�KDG�QRW�EHHQ�DGHTXDWHO\�TXDQWLILHG������VXIILFLHQW�DQG�DFFXUDWH�LQIRUPDWLRQ�RQ
DOO�SROOXWDQW�LQSXWV�DQG�RXWSXWV�ZDV�QRW�DYDLODEOH�DW�WKDW�WLPH��DQG�����WKH�GLIILFXOW\�LQ
GLVWLQJXLVKLQJ�WKH�RULJLQ�RI�D�SROOXWDQW��H�J���RULJLQDWHG�IURP�WKH�DLU��DIWHU�LW�LV�LQ�WKH
ZDWHU�PDGH�LW�GLIILFXOW�WR�OLQN�H[SRVXUH��DQG�UHVXOWDQW�HIIHFWV��WR�SDUWLFXODU�SDWKZD\V��H�J��
DWPRVSKHULF�GHSRVLWLRQ��

® $OWKRXJK�WKH�H[SRVXUH�URXWHV�RI�FRQFHUQ�KDYH�EHHQ�LGHQWLILHG��WKH�FRQFHQWUDWLRQV�RI
SROOXWDQWV�LQ�ZDWHU�WR�ZKLFK�KXPDQV��DQLPDOV��DQG�SODQWV�DUH�H[SRVHG��L�H���WKH�H[WHQW�RI
FRQWDPLQDWLRQ��ZHUH�QRW�HDVLO\�GHWHUPLQHG�JLYHQ�DYDLODEOH�GDWD�DW�WKDW�WLPH�

® )HZ�YLRODWLRQV�RI�H[LVWLQJ�GULQNLQJ�ZDWHU�VWDQGDUGV��L�H���PD[LPXP�FRQWDPLQDQW�OHYHOV�RU
0&/V��IRU�WKH�SROOXWDQWV�RI�FRQFHUQ�ZHUH�IRXQG�LQ�*UHDW�/DNHV�GULQNLQJ�ZDWHU�V\VWHPV�
IRU�WKH�SROOXWDQWV�WKDW�H[FHHGHG�WKHLU�0&/V��PXFK�RI�WKH�SUREOHP�ZDV�WKRXJKW�WR�EH
FDXVHG�E\�WKH�GLVWULEXWLRQ�V\VWHP�UDWKHU�WKDQ�WKH�ZDWHU�VRXUFH�

® :KHQ�PD[LPXP�RSHQ�ZDWHU�FRQFHQWUDWLRQV�IURP�*UHDW�/DNHV�VDPSOLQJ�GDWD�WDNHQ
EHWZHHQ�����������ZHUH�FRPSDUHG�WR�ZDWHU�TXDOLW\�FULWHULD��VL[�SROOXWDQWV�RI�FRQFHUQ
�FDGPLXP��GLHOGULQ��''7�''(��KH[DFKORUREHQ]HQH��PHUFXU\��DQG�3&%V��SRWHQWLDOO\
H[FHHGHG�DW�OHDVW�RQH�FULWHULRQ�LQ�DW�OHDVW�RQH�RI�WKH�*UHDW�/DNHV��VHH�$SSHQGL[�%�RI�WKH
)LUVW�5HSRUW�WR�&RQJUHVV����0D[LPXP�FRQFHQWUDWLRQV�RI�PRVW�RI�WKH�UHPDLQLQJ�*UHDW
:DWHUV�SROOXWDQWV�LQ�PRVW�RI�WKH�ODNHV�DSSURDFKHG�OHYHOV�RI�FRQFHUQ���$Q�XSGDWHG
FRPSDULVRQ�RI�VDPSOLQJ�GDWD�WR�ZDWHU�TXDOLW\�FULWHULD�LV�SUHVHQWHG�ODWHU�LQ�WKLV�VHFWLRQ�

® ,Q�/DNH�&KDPSODLQ��OLPLWHG�VDPSOLQJ�GDWD�LQGLFDWHG�WKDW�OHDG�ZDV�WKH�RQO\�SROOXWDQW�����
RI�FRQFHUQ�WKDW�H[FHHGHG�DSSOLFDEOH�ZDWHU�TXDOLW\�FULWHULD���,Q�&KHVDSHDNH�%D\��D����
OLPLWHG�QXPEHU�RI�PHDVXUHG�FRQFHQWUDWLRQV�RI�FDGPLXP�DQG�OHDG�LQ�WKH�WLGDO����
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WULEXWDULHV�WR�WKH�&KHVDSHDNH�%D\�H[FHHGHG�(3$�ZDWHU�TXDOLW\�FULWHULD�DQG�VWDWH�ZDWHU
TXDOLW\�VWDQGDUGV�SULRU�WR������

7KH�UHPDLQGHU�RI�WKLV�VHFWLRQ�SUHVHQWV�XSGDWHG�LQIRUPDWLRQ�RQ�H[SRVXUH�URXWHV�DQG
H[WHQW�RI�FRQWDPLQDWLRQ�

&XUUHQW�8QGHUVWDQGLQJ�RI�([SRVXUH�5RXWHV�DQG�([WHQW�RI�&RQWDPLQDWLRQ

$V�LQGLFDWHG�DERYH�DQG�LQ�WKH�)LUVW�5HSRUW�WR�&RQJUHVV��WKH�H[SRVXUH�URXWHV�RI�FRQFHUQ�IRU
KXPDQV�DQG�HFRV\VWHPV�DUH�IDLUO\�ZHOO�XQGHUVWRRG���([SRVXUHV�FDQ�RFFXU�WKURXJK�LQWDNH�RI
GULQNLQJ�ZDWHU��GLUHFW�FRQWDFW�ZLWK�ZDWHU��DQG��HVSHFLDOO\�LPSRUWDQW�IRU�KXPDQV�DQG�ILVK�HDWLQJ
ELUGV�DQG�PDPPDOV��LQWDNH�RI�IRRG���7KLV�VHFWLRQ�SUHVHQWV�XSGDWHG�LQIRUPDWLRQ�RQ�PHDVXUHV�IRU
DVVHVVLQJ�WKH�H[WHQW�RI�FRQWDPLQDWLRQ�LQ�WKH�*UHDW�:DWHUV�

&203$5,621�72�:$7(5�48$/,7<�&5,7(5,$

2QH�PHDQV�RI�DVVHVVLQJ�WKH�H[WHQW�RI�FRQWDPLQDWLRQ�LQ�WKH�*UHDW�:DWHUV�FDXVHG�E\�WKH
SROOXWDQWV�RI�FRQFHUQ�LV�WR�FRPSDUH�DYDLODEOH�ZDWHU�VDPSOLQJ�GDWD�WR�GULQNLQJ�ZDWHU�VWDQGDUGV
DQG�RWKHU�ZDWHU�TXDOLW\�FULWHULD���6XFK�FRPSDULVRQV�DUH�FRQVLVWHQW�ZLWK�WKH�UHTXLUHPHQW�LQ
VHFWLRQ�����P��RI�WKH������&$$�$PHQGPHQWV�IRU�(3$�WR�DVVHVV�WKH�FRQWULEXWLRQ�RI�DWPRVSKHULF
GHSRVLWLRQ�WR�H[FHHGDQFHV�RI�GULQNLQJ�ZDWHU�VWDQGDUGV�DQG�RWKHU�ZDWHU�TXDOLW\�VWDQGDUGV�DQG
FULWHULD�

)RU�QDWLRQDO�GULQNLQJ�ZDWHU�VWDQGDUGV��IHZ�H[FHHGDQFHV�DUH�NQRZQ�IRU�WKH�*UHDW�:DWHUV
SROOXWDQWV�RI�FRQFHUQ�EDVHG�RQ�FXUUHQW�LQIRUPDWLRQ�LQ�WKH�*UHDW�/DNHV���6LQFH�WKH�)LUVW�5HSRUW�WR
&RQJUHVV��WKHUH�FRQWLQXH�WR�EH�IHZ�YLRODWLRQV�RI�H[LVWLQJ�PD[LPXP�FRQWDPLQDQW�OHYHOV��0&/V��LQ
*UHDW�/DNHV�GULQNLQJ�ZDWHU�V\VWHPV���,QWHUSUHWDWLRQ�RI�WKLV�LQIRUPDWLRQ�LV�OLPLWHG�EHFDXVH�WKH
H[FHHGDQFH�RI�WKH�0&/�IRU�D�SROOXWDQW�PD\�EH�D�UHVXOW�RI�D�SUREOHP�LQ�WKH�GLVWULEXWLRQ�V\VWHP�
UDWKHU�WKDQ�WKH�ZDWHU�VRXUFH�

)RU�RWKHU�ZDWHU�TXDOLW\�FULWHULD�DQG�VWDQGDUGV��WKUHH�VHWV�RI�UHOHYDQW�ZDWHU�TXDOLW\�FULWHULD
DUH�FRPSDUHG�ZLWK�DYDLODEOH�*UHDW�:DWHUV�VDPSOLQJ�GDWD���(3$
V�QDWLRQDO�DPELHQW�ZDWHU�TXDOLW\
FULWHULD��$:4&���WKH�8�6��&DQDGLDQ�*UHDW�/DNHV�ZDWHU�TXDOLW\�REMHFWLYHV��*/:42V���DQG�*UHDW
/DNHV�ZDWHU�TXDOLW\�FULWHULD��*/:4&��GHYHORSHG�E\�(3$�DQG�*UHDW�/DNHV�VWDWHV���7KH�ILUVW�WZR
VHWV�RI�FULWHULD�DUH�WKH�VDPH�DV�WKRVH�XVHG�LQ�WKH�)LUVW�5HSRUW��ZKLOH�WKH�WKLUG�VHW��*/:4&��ZDV
UHOHDVHG�LQ��������3URSRVHG�*/:4&��S*/:4&��ZHUH�XVHG�LQ�WKH�)LUVW�5HSRUW��EXW�WKHVH�FULWHULD
KDYH�VLQFH�EHHQ�ILQDOL]HG��8�6��(3$�����D���VHH�&KDSWHU�,9�IRU�PRUH�GLVFXVVLRQ�RQ�WKH
GHYHORSPHQW�RI�*/:4&���7KH�WKUHH�VHWV�RI�FULWHULD�DUH�EULHIO\�GHILQHG�LQ�7DEOH�,,���

:DWHU�VDPSOLQJ�GDWD�DUH�FRPSDUHG�ZLWK�ZDWHU�TXDOLW\�FULWHULD��UDWKHU�WKDQ�FRPSDULQJ
VHGLPHQW�FRQWDPLQDWLRQ�GDWD�RU�ELRORJLFDO�FRQWDPLQDWLRQ�GDWD�WR�DSSURSULDWH�VWDQGDUGV��IRU�
WZR�PDLQ�UHDVRQV�������WKH�VSHFLILF�UHTXLUHPHQW�LQ�VHFWLRQ�����P��WR�UHSRUW�H[FHHGDQFHV�RI�
ZDWHU�TXDOLW\�VWDQGDUGV�DQG�EHQFKPDUNV��DQG�����WKH�OLPLWHG�DYDLODELOLW\�RI�IHGHUDO�RU�RWKHU
ZLGHO\�DFFHSWHG�QXPHULFDO�EHQFKPDUNV�IRU�VHGLPHQWV�RU�OLYLQJ�RUJDQLVPV�IRU�WKH�VHOHFWHG
SROOXWDQWV�RI�FRQFHUQ���%HFDXVH�PDQ\�RI�WKH�SROOXWDQWV�RI�FRQFHUQ�ELRFRQFHQWUDWH�DQG
ELRPDJQLI\��ZDWHU�FRQFHQWUDWLRQV�PD\�XQGHUVWDWH�WKH�IXOO�SRWHQWLDO�IRU�ILVK�DQG�ZLOGOLIH�WR
FRQWDLQ�KLJK�FRQFHQWUDWLRQ�OHYHOV��RQO\�WKH�*/:4&�DFFRXQW�IRU�WKH�SRWHQWLDO�IRU
ELRPDJQLILFDWLRQ���7KHUHIRUH��WKH�DEVHQFH�RI�ZDWHU�TXDOLW\�FULWHULD�H[FHHGDQFHV�IRU�SROOXWDQWV�
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WKDW�KDYH�D�VWURQJ�WHQGHQF\�WR�ELQG�WR�VHGLPHQWV�DQG�WR�ELRDFFXPXODWH�GRHV�QRW�QHFHVVDULO\
LQGLFDWH�WKH�DEVHQFH�RI�FRQWDPLQDWLRQ�OHYHOV�RI�SRWHQWLDO�KXPDQ�KHDOWK�RU�HFRORJLFDO�FRQFHUQ��
&RQWDPLQDWLRQ�OHYHOV�LQ�ELRWD�DQG�VHGLPHQWV�LQ�WKH�*UHDW�:DWHUV�DUH�GLVFXVVHG�LQ�6HFWLRQ�,,�%�

7DEOH�,,���FRPSDUHV�UHFHQW�HVWLPDWHV�RI�WRWDO�ZDWHU�FROXPQ�FRQFHQWUDWLRQV�LQ�WKH�*UHDW
/DNHV�IRU�VHYHQ�SROOXWDQWV�RI�FRQFHUQ�IRU�ZKLFK�VDPSOLQJ�GDWD�H[LVW��L�H���''7�''(��GLHOGULQ�
KH[DFKORUREHQ]HQH��+&%�����+&+��OLQGDQH��3&%V��DQG�320����7KH�GDWD�DUH�WDNHQ�IURP�VWXGLHV
FRQGXFWHG�EHWZHHQ������DQG������E\�(3$��UHVHDUFKHUV�IXQGHG�E\�(3$��DQG�(QYLURQPHQW
&DQDGD���6DPSOLQJ�GDWD�IRU�WKH�RWKHU�SROOXWDQWV�RI�FRQFHUQ�DQG�IRU�RWKHU�*UHDW�:DWHUV�ZHUH�QRW
UHDGLO\�DYDLODEOH�

TABLE II-1
Summary of Water Quality Criteria Used for Comparison in This Report

Criteria Set Summarya

Ambient water quality Designed to protect humans, and freshwater and saltwater animals and
criteria (AWQC) plants from harmful effects resulting from chronic and acute exposures. 

Reflect current knowledge on health and welfare effects, dispersal of
pollutants across media, and effects on animal and plant reproduction and
communities.  Derived entirely with risk-based data (not cost or technology
considerations).  National criteria provided by EPA as guidelines to states
for developing regulations.

Great Lakes water Developed through joint U.S.-Canadian agreement.  Set for certain
quality objectives chemicals to protect the most sensitive user of the water among humans,
(GLWQOs) aquatic life, and wildlife.  For chemicals with no specific GLWQO,

concentrations in water (does not specify whether ambient water) and in
aquatic organisms should be lower than detection levels.

Great Lakes water Developed by EPA and Great Lakes States.  Specific to the Great Lakes
quality criteria system.  Form basis for new state water quality standards for ambient
(GLWQC) waters of the Great Lakes system.  Provided as guidelines to protect

aquatic life (for both acute and chronic exposure), wildlife (for exposure
through food webs), and humans (for chronic exposure through
consumption of both fish and drinking water and through water-related
recreation).  Includes consideration of biomagnification.

 Sources:  U.S. EPA 1986, IJC 1978, and U.S. EPA 1995a, respectively.a

$V�VKRZQ�LQ�7DEOH�,,����WRWDO�ZDWHU�FROXPQ�FRQFHQWUDWLRQV�RI�GLHOGULQ�DQG�3&%V�H[FHHG
WKHLU�*/:4&�DW�VRPH�ORFDWLRQV�LQ�DOO�RI�WKH�*UHDW�/DNHV��ZKHUH�GDWD�DUH�DYDLODEOH���1RWH�WKDW
''7�''(�PD\�DOVR�H[FHHG�LWV�*/:4&��VDPSOLQJ�GDWD�RI�����������J�/�YHUVXV�*/:4&�RI
����������J�/���DQG�WKDW�WKH�FULWHULRQ�IRU�320�LV�IRU�SRO\F\FOLF�DURPDWLF�K\GURFDUERQV��3$+V���D
VXEVHW�RI�320��ZKLOH�VDPSOLQJ�GDWD�ZHUH�DYDLODEOH�RQO\�IRU�RQH�320�FRPSRXQG��L�H��
EHQ]R�D�S\UHQH��RU�%�D�3����,Q�DGGLWLRQ��WKH�FRQFHQWUDWLRQV�RI�3&%V�DW�VRPH�ORFDWLRQV�LQ�/DNHV
(ULH��+XURQ��DQG�2QWDULR�DUH�DERYH�WKH�$:4&�IRU�KXPDQ�KHDOWK���)RU�WKH�SROOXWDQWV�ZLWK
VDPSOLQJ�GDWD�UHSRUWHG�LQ�ERWK�WKH�)LUVW�5HSRUW�WR�&RQJUHVV�DQG�WKLV�UHSRUW��L�H���GLHOGULQ�
''7�''(��+&%��DQG�3&%V���WKH�WRWDO�ZDWHU�FROXPQ�FRQFHQWUDWLRQV�SUHVHQWHG�LQ�7DEOH�,,���DUH
JHQHUDOO\�ORZHU�WKDQ�WKH�FRQFHQWUDWLRQV�UHSRUWHG�LQ�WKH�)LUVW�5HSRUW�WR�&RQJUHVV�DQG�WKH�OHYHOV
IRU�''7�''(�DQG�+&%�QR�ORQJHU�H[FHHG�DQ\�RI�WKH�ZDWHU�TXDOLW\�FULWHULD�
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TABLE II-2
Comparison of Water Quality Criteria to Pollutant Concentrations in the Great Lakes (µg/L)

Pollutant Aquatic Life Health Objective Criterion

National National Great Lakes Great Lakes Total Water Column Concentration
AWQC: Fresh AWQC: Water Quality Water

Water Human Agreement Quality
a b c d

e

Lake Lake Lake Lake
Superior Michigan Huron Lake Ontario

Erie

DDT/DDE 0.001 0.00024 0.003 0.000011  <0.00006 NA <0.00006 <0.00006 <0.00006f

Dieldrin 0.0019 0.00071 0.001 0.0000065 0.00026  NA 0.00032- 0.00038 0.00028-g

0.00035 0.00032

HCB — 0.0072 — 0.00045  <0.00004 NA  0.000036
0.000072 0.000047

�-HCH — 0.092 — —  0.0011  0.0016 0.0015  0.0011 0.0008-
0.0009

Lindane 0.08 0.186 0.01 0.47  0.0004 0.00034 0.00038  0.00049 0.00036

Total PCBs 0.014 0.00079 — 0.0000039 0.00018 0.00020- 0.0007- 0.00122 0.0012
0.00036 0.0009

POM — 0.028 — —  <0.00046 NA <0.00046 <0.00046 <0.00046h

NA=No data available.
Highlighted boxes indicate exceedances of GLWQC; shaded boxes indicate exceedances of AWQC for human health.

 Values are for freshwater chronic criteria (U.S. EPA 1986).a

 Values are for human chronic exposure through both fish consumption and drinking water (U.S. EPA 1986).b

 Values are for protection of the most sensitive user of the water among humans, aquatic life and wildlife (IJC 1978).c

 Values are the most stringent (i.e., lowest) among those for protection of human health, aquatic life, or wildlife (U.S. EPA 1995a).d

 Concentrations are taken from De Vault et al. (1995) and L'Italien (1993).  Concentrations of dieldrin and PCBs that are reported as ranges represent twoe

different concentrations reported in two different studies.  For �-HCH, the range of concentrations in Lake Ontario represents the range reported in a single
study.
 Sampling data are for p,p'-DDE.f

 Value for aldrin and dieldrin combined.g

 AWQC for human health is for polycyclic aromatic hydrocarbons (PAHs), a subset of POM; sampling data are for benzo(a)pyrene, a PAH.h
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0HDQLQJIXO�WUHQG�GDWD�RQ�SROOXWDQW�FRQFHQWUDWLRQV�LQ�WKH�*UHDW�/DNHV�DUH�OLPLWHG�PDLQO\
EHFDXVH�WKH�WHFKQRORJ\�UHTXLUHG�WR�PHDVXUH�SROOXWDQWV�DW�WKH�WUDFH�FRQFHQWUDWLRQV�IRXQG�LQ�WKH
ZDWHU�FROXPQ�RI�WKH�*UHDW�/DNHV�KDV�EHFRPH�ZLGHO\�DYDLODEOH�RQO\�LQ�WKH�ODVW�IHZ�\HDUV��'H
9DXOW�HW�DO����������2QH�UHFHQW�VWXG\��KRZHYHU��KDV�SURYLGHG�LQVLJKW�LQWR�ZDWHU�FROXPQ�WUHQGV�IRU
3&%V�LQ�/DNH�6XSHULRU��-HUHPLDVRQ�HW�DO����������$V�VKRZQ�LQ�7DEOH�,,����WRWDO�3&%�FRQFHQWUDWLRQV
LQ�WKH�/DNH�6XSHULRU�ZDWHU�FROXPQ�VKRZ�DQ�RYHUDOO�GHFOLQH�IURP������WR�������WKRXJK�WKHUH�LV
VRPH�YDULDWLRQ�IURP�\HDU�WR�\HDU���,Q�DGGLWLRQ��EDVHG�RQ�WKH�FRQFHQWUDWLRQV�RI�WKH�VDPH����3&%
FRQJHQHUV�PHDVXUHG�LQ�VXUIDFH�ZDWHU�VDPSOHV�FROOHFWHG�EHWZHHQ������DQG������E\�WKH�VDPH
ODERUDWRU\��DOVR�VKRZQ�LQ�7DEOH�,,�����WKH�FRQFHQWUDWLRQV�RI�WKHVH�3&%�FRQJHQHUV�KDV�GHFUHDVHG�DW
D�UDWH�RI�DSSUR[LPDWHO\�����������J�/�SHU�\HDU����)RU�GHWDLOV�RQ�WKH�FROOHFWLRQ�PHWKRGV�DQG�ODERUD�
WRU\�WHFKQLTXHV�XVHG�LQ�WKLV�VWXG\��UHIHU�WR�-HUHPLDVRQ�HW�DO������������7KH�UHVHDUFKHUV�EHOLHYH�WKDW�
GXH�WR�WKH�UHPRWH�ORFDWLRQ�RI�/DNH�6XSHULRU�DQG�WKH�DEVHQFH�RI�VLJQLILFDQW�SRLQW�VRXUFH�ORDGLQJV�
WKH�GHFOLQH�LQ�3&%�FRQFHQWUDWLRQV�UHSUHVHQWV�D�FRQWLQHQWDO�GHFUHDVH�LQ�DWPRVSKHULF�ORDGLQJ�RI
3&%V����2WKHU�UHVHDUFK�VXJJHVWV�WKDW�F\FOLQJ�RI�3&%V�LQ�WKH�HQYLURQPHQW��LQFOXGLQJ�YRODWLOL]DWLRQ
RI�JDVHRXV�3&%V�IURP�ZDWHUERGLHV��LV�DQ�LPSRUWDQW�FRQVLGHUDWLRQ��VHH�&KDSWHU�,9�����$FFRUGLQJ�WR
WKH�GDWD��WKH�FRQFHQWUDWLRQV�RI�3&%V�LQ�/DNH�6XSHULRU�ZHUH�DERYH�WKH�$:4&�IRU�KXPDQ�KHDOWK
XQWLO�DSSUR[LPDWHO\������DQG�VWLOO�UHPDLQ�DERYH�WKH�*/:4&��FULWHULD�VKRZQ�LQ�7DEOH�,,����

TABLE II-3
Concentration of Total PCBs in Lake Superior Water Column

Year Concentration (µg/L) PCB Congeners (µg/L)
Total PCB Total Concentration of 25

1978 0.00173 ± 0.00065 NA

1979 0.00404 ± 0.00056 NA

1980 0.00113 ± 0.00011 0.00099 ± 0.00010

1983 0.0008  ± 0.00007 0.00073 ± 0.00006

1986 0.00056 ± 0.00016 0.00055 ± 0.00015

1988 0.00033 ± 0.00004 0.00020 ± 0.00001

1990 0.00032 ± 0.00003 0.00021 ± 0.00001

1992 0.00018 ± 0.00002 0.00009 ± 0.00001

NA = Not applicable
Source:  Jeremiason et al. 1994.

),6+,1*�5(675,&7,216�$1'�),6+�&2168037,21�$'9,625,(6

$QRWKHU�PHDVXUH�RI�FRQWDPLQDWLRQ�RI�WKH�*UHDW�:DWHUV�FDXVHG�E\�VHOHFWHG�SROOXWDQWV�
RI�FRQFHUQ�LV�WKH�H[LVWHQFH�RI�ILVKLQJ�UHVWULFWLRQV�RU�ILVK�FRQVXPSWLRQ�DGYLVRULHV���7KHVH�
DGYLVRULHV�DUH�HVWDEOLVKHG�DV�D�PHDQV�RI�OLPLWLQJ�KXPDQ�H[SRVXUH�ZKHQ�ILVK�WDNHQ�IURP�D
SDUWLFXODU�ERG\�RI�ZDWHU�DUH�IRXQG�WR�FRQWDLQ�OHYHOV�RI�SROOXWDQWV�WKDW�H[FHHG�UHFRPPHQGHG
LQWDNH�OHYHOV��VHH�VLGHEDU�RQ�QH[W�SDJH����6XFK�DGYLVRULHV�KDYH�LPPHGLDWH�VLJQLILFDQFH�WR�WKH
JHQHUDO�SXEOLF�E\�SURYLGLQJ�FRQFUHWH�H[DPSOHV�RI�KHDOWK�FRQFHUQV�DQG�DIIHFWLQJ�WKH�SXEOLF�������
XVH�RI�ZDWHUV�DQG�DTXDWLF�UHVRXUFHV���6WDWHV�LVVXH�VHYHUDO�GLIIHUHQW�W\SHV�RI�DGYLVRULHV�IRU
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Interpreting Fish Advisory Data

Individual states are responsible for issuing
fish advisories.  Generally, an advisory is issued
for a particular waterbody (or portion of
waterbody), pollutant, fish species, and advisory
type.  In many advisories, the size of the fish
affects the type of advisory issued (e.g., for
walleye < 22", restricting meals in the general
population may be advised, while for walleye > 22"
not consuming the fish may be advised).  For
several reasons, comparing advisories
quantitatively (e.g., counting the number of
advisories per waterbody) is difficult and therefore,
this Report does not do so.  For example, a
waterbody may appear to have more fish
advisories than another waterbody, but it may be
that:  (1) more states are involved (e.g., advisories
in Lake Ontario are issued only by New York, while
four states issue advisories for Lake Michigan; (2)
states have different methods or use different
standards for identifying fish species affected by
advisories, some of which may be more
comprehensive than others; or (3) a state may
issue an advisory for "all fish" making it difficult to
count this advisory with advisories for particular
fish species.

ZDWHUERGLHV�LQ�DQ�HIIRUW�WR�UHGXFH�KHDOWK�ULVNV
DVVRFLDWHG�ZLWK�H[SRVXUH�WR�SROOXWDQWV�LQ
FHUWDLQ�IUHVKZDWHU�ILVK�DQG�VKHOOILVK�VSHFLHV�

& ,QIRUPDWLRQDO�KHDOWK�DGYLVRULHV��
DGYLVRULHV�WKDW�ILVK�WLVVXH
FRQWDLQV�FRQWDPLQDQWV�EXW�QRW
DW�OHYHOV�KLJK�HQRXJK�WR
ZDUUDQW�DGYLVLQJ�SHRSOH�WR
OLPLW�FRQVXPSWLRQ�

& $GYLVRULHV�WR�OLPLW�ILVK
FRQVXPSWLRQ���DGYLVRULHV�WR
HLWKHU�WKH�JHQHUDO�SRSXODWLRQ
RU�VXERSXODWLRQV�SRWHQWLDOO\�DW
JUHDWHU�ULVN��H�J���SUHJQDQW�RU
QXUVLQJ�ZRPHQ��WKRVH�ZKR
ILVK�IRU�VXEVLVWHQFH�UHDVRQV��WR
UHVWULFW�WKH�VL]H�DQG�IUHTXHQF\
RI�PHDOV�RI�ILVK�DQG�VKHOOILVK��

& $GYLVRULHV�DJDLQVW�ILVK�FRQVXPS�
WLRQ���DGYLVRULHV�WR�HLWKHU�WKH
JHQHUDO�SRSXODWLRQ�RU�VXESRS�
XODWLRQV�SRWHQWLDOO\�DW�JUHDWHU
ULVN��H�J���SUHJQDQW�RU�QXUVLQJ�ZRPHQ��DJDLQVW�FRQVXPLQJ�ILVK�DQG�VKHOOILVK�

& 1R�NLOO�]RQHV���QRWLILFDWLRQ�WKDW�LW�LV�LOOHJDO�WR�WDNH��NLOO��RU�SRVVHVV�DQ\�ILVK�IURP�WKH
VSHFLILHG�ZDWHUV��DQG

& &RPPHUFLDO�ILVKLQJ�EDQV���EDQV�RQ�WKH�FRPPHUFLDO�KDUYHVW�DQG�VDOH�RI�ILVK�DQG
VKHOOILVK�IURP�WKH�VSHFLILHG�ZDWHUERG\�

6WDWH�DGYLVRU\�GDWD�DUH�FROOHFWHG�E\�(3$�LQ�D�QDWLRQDO�GDWD�EDVH���)RU�HDFK�DGYLVRU\��WKH
GDWD�EDVH�FRQWDLQV�LQIRUPDWLRQ�VXFK�DV�ZDWHUERG\�QDPH��SROOXWDQW�QDPH��ILVK�VSHFLHV��SRSXODWLRQ
WDUJHWHG�E\�DGYLVRU\��FDOOHG�DGYLVRU\�W\SH�LQ�WKLV�UHSRUW���DGYLVRU\�VWDWXV��H�J���DFWLYH���DQG�D
FRQWDFW�QDPH�DQG�WHOHSKRQH�QXPEHU���7KH�GDWD�EDVH�GRHV�QRW��KRZHYHU��FRQWDLQ�LQIRUPDWLRQ�RQ
WKH�OHYHOV�RI�SROOXWDQWV�LQ�ILVK�RU�WKH�EHQFKPDUN�OHYHOV�VHW�E\�D�SDUWLFXODU�VWDWH�IRU�HDFK�DGYLVRU\
W\SH���7KH�LQIRUPDWLRQ�LQ�WKH�GDWD�EDVH�DYDLODEOH�IRU�XVH�LQ�WKLV�UHSRUW�ZDV�FXUUHQW�WKURXJK�����
�8�6��(3$�����E����)RU�WKLV�UHSRUW��(3$�UHYLHZHG�WKH�GDWD�EDVH�IRU�DQ\�RI�WKH�DERYH�DGYLVRULHV
UHODWHG�WR�WKH�*UHDW�:DWHUV�SROOXWDQWV�RI�FRQFHUQ�LQ�WKH�*UHDW�/DNHV��/DNH�&KDPSODLQ�
&KHVDSHDNH�%D\��DQG�VHYHUDO�FRDVWDO�ZDWHUV� ���

$FFRUGLQJ�WR�WKH�ILVK�DGYLVRU\�GDWD�EDVH��QR�LQIRUPDWLRQDO�KHDOWK�DGYLVRULHV�ZHUH�LQ��
HIIHFW�LQ�DQ\�RI�WKH�*UHDW�:DWHUV���$�SRUWLRQ�RI�WKH�+XGVRQ�5LYHU��ZKLFK�HPSWLHV�LQWR�WKH������
1HZ�<RUN�1HZ�-HUVH\�+DUERU��KDG�DQ�DFWLYH�QR�NLOO�]RQH�IRU�DOO�ILVK�UHODWHG�WR�3&%V���7DEOH�,,��
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OLVWV�WKH�FRPPHUFLDO�ILVKLQJ�EDQV�WKDW�ZHUH�LQ�HIIHFW�LQ�WKH�*UHDW�:DWHUV���$V�WKH�WDEOH�VKRZV��WKH
FRPPHUFLDO�ILVKLQJ�EDQV�LQ�WKH�*UHDW�:DWHUV�DUH�DOO�GXH�WR�3&%V�RU�GLR[LQV�

TABLE II-4
Commercial Fishing Bans in the Great Waters

Waterbody Great Waters
(State Issuing Advisory) Pollutant of Concern Fish Species

Lake Champlain (NY) PCBs Yellow perch

Lake Ontario (NY) Dioxins, PCBs Eel

Long Island Sound (NY) PCBs Striped bass

New York/New Jersey Harbor PCBs American eel, blue crab, carp, goldfish,
(various waters; NJ, NY) striped bass

Dioxins Blue crab, crustaceans, fish, shellfish,
striped bass

Source:  U.S. EPA 1996b.

7KHUH�DUH�PDQ\�DFWLYH�DGYLVRULHV�WR�OLPLW�RU�DYRLG�ILVK�FRQVXPSWLRQ�LQ�WKH�*UHDW�:DWHUV��
7DEOH�,,����WKH�*UHDW�/DNHV�DQG�/DNH�&KDPSODLQ��DQG�7DEOH�,,����VHOHFWHG�FRDVWDO�ZDWHUV�
LQFOXGLQJ�&KHVDSHDNH�%D\��LQGLFDWH�WKH�W\SH�RI�DGYLVRULHV�LQ�HIIHFW�IRU�WKH�*UHDW�:DWHUV
SROOXWDQWV�RI�FRQFHUQ��LQ�LQFUHDVLQJ�RUGHU�RI�VHYHULW\�RI�WKH�DGYLVRU\��L�H���IURP�DGYLVRULHV�WR�DW�
ULVN�VXESRSXODWLRQV�WR�UHVWULFW�ILVK�FRQVXPSWLRQ�XS�WR�DGYLVRULHV�WR�WKH�JHQHUDO�SRSXODWLRQ�WR�QRW
HDW�FHUWDLQ�ILVK����)RU�WKH�*UHDW�/DNHV�DQG�/DNH�&KDPSODLQ��RQO\�ODNHZLGH�DGYLVRULHV�DUH�LQFOXGHG
LQ�7DEOH�,,�����$GYLVRULHV�IRU�SDUWLFXODU��KRW�VSRWV��LQ�WKHVH�ODNHV��H�J���*UHHQ�%D\���DV�ZHOO�DV�WKH
ODNHZLGH�DGYLVRULHV��DUH�SUHVHQWHG�LQ�$SSHQGL[�%���,Q�7DEOH�,,����WKH�DGYLVRULHV�IRU�FRDVWDO�ZDWHUV
UHSUHVHQW�WKH�DGYLVRULHV�DV�WKH\�DUH�LGHQWLILHG�LQ�WKH�GDWD�EDVH���7KHUHIRUH��DGYLVRULHV�IRU�VRPH
FRDVWDO�ZDWHUV�UHSUHVHQW�WKH�HQWLUH�ZDWHUERG\��H�J���7DPSD�%D\���ZKLOH�RWKHUV�UHSUHVHQW�VPDOOHU
HVWXDULHV�RU�SRUWLRQV�RI�WKH�ZDWHUERG\��H�J���%DOWLPRUH�+DUERU����$SSHQGL[�%�SURYLGHV�GHWDLOV�RQ
WKH�ZDWHUERGLHV�WKDW�UHSUHVHQW�WKH�FRDVWDO�ZDWHU�DGYLVRULHV���7KH�ILVK�FRQVXPSWLRQ�DGYLVRULHV
VKRZQ�LQ�WKH�WDEOHV�KDYH�EHHQ�LVVXHG�IRU�DW�OHDVW�RQH�ILVK�VSHFLHV�DQG��LQ�PDQ\�FDVHV��KDYH�EHHQ
LVVXHG�IRU�VHYHUDO�ILVK�VSHFLHV���)RU�PRUH�GHWDLO�RQ�WKH�ILVK�VSHFLHV�DIIHFWHG�E\�WKH�DGYLVRULHV�DQG
WKH�VWDWHV�WKDW�LVVXHG�WKH�DGYLVRULHV��UHIHU�WR�$SSHQGL[�%�

$V�VKRZQ�LQ�7DEOH�,,����ILVK�FRQVXPSWLRQ�DGYLVRULHV�LQ�WKH�ODNHV�RI�WKH�*UHDW�:DWHUV�DUH
PRVW�FRPPRQO\�DVVRFLDWHG�ZLWK�3&%V��IROORZHG�E\�PHUFXU\��GLR[LQV��DQG�FKORUGDQH���)RU�RQH
ODNH��/DNH�6XSHULRU��DQ�DGYLVRU\�UHODWHG�WR�WR[DSKHQH�DOVR�KDV�EHHQ�LVVXHG���,Q�WKH�VHOHFWHG
FRDVWDO�ZDWHUV��DV�VKRZQ�LQ�7DEOH�,,����ILVK�FRQVXPSWLRQ�DGYLVRULHV�DUH�PRVW�FRPPRQO\
DVVRFLDWHG�ZLWK�3&%V��IROORZHG�E\�GLR[LQV���6HYHUDO�DGYLVRULHV�UHODWHG�WR�PHUFXU\��FKORUGDQH��DQG
''7�DOVR�KDYH�EHHQ�LVVXHG���&XUUHQW�ILVK�DGYLVRULHV�JHQHUDOO\�DUH�DVVRFLDWHG�ZLWK�WKH�VDPH
SROOXWDQWV�RI�FRQFHUQ�DV�LQ�WKH�)LUVW�5HSRUW���)XUWKHUPRUH��LQ�WKLV�UHSRUW��ILVK�DGYLVRU\�GDWD�DUH
DYDLODEOH�LQ�PRUH�GHWDLO�WKDQ�ZHUH�UHSRUWHG�LQ�WKH�)LUVW�5HSRUW��H�J���DGYLVRULHV�E\�HDFK�VWDWH��
HVSHFLDOO\�EHFDXVH�RI�WKH�UHFHQW�DYDLODELOLW\�RI�WKH�ILVK�DGYLVRU\�GDWD�EDVH���,Q�DGGLWLRQ��VRPH
VWDWHV�PD\�KDYH�EHFRPH�PRUH�DJJUHVVLYH�LQ�WKHLU�ILVK�DGYLVRU\�SURJUDPV���7KHUHIRUH��WKH�LQFUHDVH
LQ�QXPEHU�RI�DGYLVRULHV�SUHVHQWHG�LQ�$SSHQGL[�%�GRHV�QRW�QHFHVVDULO\�UHIOHFW�D�KLJKHU�OHYHO�RI
FRQWDPLQDWLRQ�LQ�WKH�*UHDW�:DWHUV�
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TABLE II-5
Fish Consumption Advisories in the Great Lakes and Lake Champlain

Pollutants Lake
of Concern Champlain

Great Lakes

Lake Lake Connecting
Superior Michigan Lake Huron Lake Erie Lake Ontario Channels

Chlordane 2 0 * 2 0 * 2 2

Dioxins 0 * 2 0 * 2 0 * 2

Mercury ) 0 * 2 ) 0 ) 0 2 0 *

PCBs 0 * 2 0 * 2 0 * 2 0 2 0 * 2 0 * 2 0 *

Toxaphene 2

TABLE II-6
Fish Consumption Advisories in Selected Coastal Waters

Pollutants Chesapeake
of Concern Bay

Other Coastal Waters

Long Island New York/New Galveston San Francisco
Sound Jersey Harbor Delaware Bay Tampa Bay Bay Bay

Chlordane 0 0 2 0

Dioxins ) 0 * 2 0 * ) 0 * 2

DDT ) 0 * 2

Mercury ) 0 * 2

PCBs 0 0 * 2 0 * 2 ) 0 2 0 ) 0 * 2

KEY: ) Advisories to subpopulations potentially at greater risk (e.g., pregnant women) to restrict the size and frequency of meals of fish and shellfish
0 Advisories to the general population to restrict the size and frequency of meals of fish and shellfish
* Advisories to subpopulations potentially at greater risk (e.g., pregnant or nursing women) against consuming fish and shellfish
2 Advisories to the general population against consuming fish and shellfish

Source:  U.S. EPA 1996b.
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An Example of Bioaccumulation
in the Food Web

Of the pathways by which ecosystems and
components of ecosystems may be exposed to
atmospheric mercury, exposure of high trophic
level predatory wildlife to mercury in food is
particularly important.  Mercury biomagnifies in
aquatic food chains, with the result that mercury
concentrations in tissue increase as trophic levels
increase.  Therefore, the trophic level and feeding
habits of an animal influence the degree to which
that species is exposed to mercury.  Predatory
animals primarily associated with aquatic food
chains accumulate more mercury than those
associated with terrestrial food chains.  Thus, fish
eaters and their predators generally have the
highest exposure to mercury.  Species with high
tissue levels of mercury include otter and mink,
which are top mammalian predators of aquatic
food chains.  Top avian predators of aquatic-
based food chains include raptors such as the
osprey and bald eagle.

Sources:  Bloom 1992; Eisler 1987a; Roelke et al.
1997; Wobeser and Swift 1976; Wren 1985.

,,�%��&RQWDPLQDWLRQ�RI�%LRWD

0HDVXUHPHQWV�RI�SROOXWDQW�OHYHOV�LQ�ELRWD�SURYLGH�LQIRUPDWLRQ�DERXW�WKH�H[WHQW�RI
FRQWDPLQDWLRQ�LQ�WKH�ZDWHUERG\��DV�ZHOO�DV�SRWHQWLDO�ELRDFFXPXODWLRQ�LQ�WKH�IRRG�ZHE���6HFWLRQ
����P�����(��RI�WKH�&$$�UHTXLUHV�(3$�WR�VDPSOH�ELRWD��LQFOXGLQJ�ILVK�DQG�ZLOGOLIH��LQ�WKH�*UHDW
:DWHUV�IRU�KD]DUGRXV�DLU�SROOXWDQWV�DQG�WR�LGHQWLI\�WKH�VRXUFHV�RI�WKHVH�SROOXWDQWV���%HFDXVH
VWXGLHV�DUH�DOUHDG\�EHLQJ�SHUIRUPHG�XQGHU�QDWLRQDO�SURJUDPV�VXFK�DV�WKH�1DWLRQDO�6WDWXV�DQG
7UHQGV�3URJUDP��*UHDW�/DNHV�1DWLRQDO�3URJUDP�2IILFH��&KHVDSHDNH�%D\�3URJUDP��DV�ZHOO�DV�VWDWH
SURJUDPV��(3$�UHOLHV�ODUJHO\�RQ�WKHVH�VWXGLHV�WR�VXSSRUW�LPSOHPHQWDWLRQ�RI�WKLV�&$$
UHTXLUHPHQW���7KHVH�SURJUDPV�SURYLGH�LQIRUPDWLRQ�RQ�WKH�H[WHQW�RI�FRQWDPLQDWLRQ�LQ�WKH
ZDWHUERGLHV��DV�UHIOHFWHG�LQ�WLVVXHV�RI�OLYLQJ�RUJDQLVPV���&RQWDPLQDWLRQ�RI�ELRWD�DOVR�VXJJHVWV
SRWHQWLDO�FRQWULEXWLRQ�IURP�YDULRXV�H[SRVXUH�URXWHV�VXFK�DV�DLU�DQG�ZDWHU��DV�ZHOO�DV
ELRDFFXPXODWLRQ�LQ�WKH�IRRG�ZHE���7KLV�VHFWLRQ�SUHVHQWV�D�EULHI�RYHUYLHZ�RI�ELRWD�VDPSOLQJ
DSSURDFKHV�DQG�KRZ�WKH�VDPSOLQJ�GDWD�SURYLGH�XVHIXO�LQIRUPDWLRQ�IRU�DVVHVVLQJ�WKH�H[WHQW�RI
SROOXWDQW�FRQWDPLQDWLRQ�LQ�D�ZDWHUERG\���7KLV�RYHUYLHZ�LQFOXGHV�D�VXPPDU\�RI�WZR�ODUJH�VFDOH
VWXGLHV�WKDW�DUH�GHVLJQHG�WR�DVVHVV�QDWLRQDO�SROOXWDQW�OHYHOV�LQ�DTXDWLF�ELRWD��DQG�KRZ�WKH�UHVXOWV
IURP�WKHVH�VWXGLHV�FDQ�DSSO\�WR�WKH�*UHDW�:DWHUV���7KLV�GLVFXVVLRQ�LV�IROORZHG�E\�D�VXPPDU\�RI
UHVHDUFK�HIIRUWV�DGGUHVVLQJ�ELRWD�FRQWDPLQDWLRQ�VSHFLILF�WR�WKH�*UHDW�:DWHUV�

6DPSOLQJ�%LRWD�IRU�&RQWDPLQDWLRQ

'LIIHUHQW�VDPSOLQJ�DSSURDFKHV�DUH
XVHG�WR�GHWHUPLQH�SROOXWDQW�OHYHOV�LQ�ELRWD
EHFDXVH�HDFK�PRQLWRULQJ�VWXG\�KDV�LWV�RZQ
REMHFWLYHV��VXFK�DV�WR�LGHQWLI\��KRW�VSRWV��RU
FKDUDFWHUL]H�D�ZDWHUERG\
V�JHQHUDO�FRQGLWLRQ��
7KHUHIRUH��FDXWLRQ�PXVW�EH�WDNHQ�LQ�WKH
LQWHUSUHWDWLRQ�RI�GDWD��DV�ZHOO�DV�VWDWLVWLFDO
DQDO\VHV�DSSOLHG�WR�WKHVH�GDWD���7R�HVWLPDWH
VSDWLDO�RU�WHPSRUDO�SDWWHUQV�RI
FRQWDPLQDWLRQ��VRSKLVWLFDWHG�VDPSOLQJ
GHVLJQV�DUH�RIWHQ�XVHG���)LJXUH�,,���LOOXVWUDWHV
WKH�LPSRUWDQFH�RI�VDPSOLQJ�YDULRXV
FRPSRQHQWV�RI�DQ�DTXDWLF�HFRV\VWHP�ZKHQ
DWWHPSWLQJ�WR�FKDUDFWHUL]H�WKH�FRQGLWLRQ�RI
WKH�V\VWHP�

,Q�DVVHVVLQJ�FRQWDPLQDWLRQ�LQ�D
ZDWHUERG\��DTXDWLF�DQG�WHUUHVWULDO�VSHFLHV�
DUH�RIWHQ�FROOHFWHG�DQG�DQDO\]HG���*DPH�
ILVK�DUH�XVHIXO�ELRLQGLFDWRUV�EHFDXVH�WKH\
KDYH�ORQJ�OLIH�VSDQV��GRPLQDWH�WKH�XSSHU�
HQG�RI�WKH�DTXDWLF�IRRG�ZHE��DQG�FDQ
ELRDFFXPXODWH�PDQ\�RI�WKH�SHUVLVWHQW
SROOXWDQWV��VHH�VLGHEDU����7KHLU�SRSXODWLRQ
OHYHOV�PD\�EH�DIIHFWHG�E\�FRQWLQXHG�
H[SRVXUH�WR�HQYLURQPHQWDO�VWUHVVHV��VXFK�DV�HXWURSKLFDWLRQ�DQG�SROOXWDQW�FRQWDPLQDWLRQ��DQG
SHRSOH�EHFRPH�DZDUH�RI�FKDQJHV�LQ�DEXQGDQFH�RI�JDPH�ILVK���5HGXFHG�GLVVROYHG�R[\JHQ
FRQFHQWUDWLRQV�LQ�WKH�ZDWHU�PD\�DIIHFW�JURZWK��VXUYLYDO��RU�VWUXFWXUDO�GHYHORSPHQW�RI�ILVK��
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FIGURE II-1
Assessing Contamination in a Waterbody
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EPA Guidance For Issuing
Fish and Wildlife Consumption Advisories

In response to a 1990 request from the states,
EPA established The Fish and Wildlife
Contamination Program to assist states and tribes
assess and reduce health risks associated with
exposure to chemical contaminants in
noncommercially harvested (e.g., subsistence) fish
and wildlife.  In partnership with states and tribes,
EPA has developed a series of guidance
documents which provide a scientifically sound,
cost-effective method for developing, issuing,
managing, and communicating fish consumption
advisories.  Though many states use the EPA
guidance for developing fish and wildlife
consumption advisories, some states use parts of
the guidance selectively.  A few states still apply
outdates methods for characterizing contaminants. 
EPA continues to work with the states and tribes to
establish a national consistency in the methods
used for characterizing the risks posed by
contaminants in noncommercial fish and wildlife.

The Fish and Wildlife Contamination Program
has also worked with the states and tribes in
organizing training workshops and national
conferences.  In addition, EPA manages national
data bases such as the Listing of Fish and Wildlife
Consumption Advisories (discussed in Section
II.A).  The listing, which is updated annually,
includes an inventory of all fish and wildlife
consumption advisories issued by the states and
tribes.  Because of additional sampling due to the
increased attention given to fish contamination, the
number of advisories issued by the states and
tribes has increased 72 percent, from 1,278
advisories in 1993 to 2,193 advisories issued in
1996.  Most of these advisories have been issued
due to mercury contamination.

ZKLOH�SROOXWDQW�FRQWDPLQDWLRQ�PD\�UHVXOW�LQ
GHFUHDVHG�JURZWK��UHSURGXFWLRQ��RU�VXUYLYDO�RI
ILVK��VHH�6HFWLRQ�,,�&�IRU�LQIRUPDWLRQ�RQ
HFRORJLFDO�HIIHFWV����&RQWDPLQDWLRQ�LQ�ILVK�FDQ
HQWHU�WKH�GLHW�RI�KXPDQV�DQG�RWKHU�DQLPDOV
�VHH�VLGHEDU����7KHUHIRUH��WHUUHVWULDO�ZLOGOLIH�
VXFK�DV�ILVK�HDWLQJ�ELUGV�RU�PDPPDOV��DUH�RIWHQ
PRQLWRUHG���:KLOH�DOO�DQLPDOV�LQ�WKH�DTXDWLF
HQYLURQPHQW�KDYH�WKH�SRWHQWLDO�WR�EH�DIIHFWHG
E\�SROOXWDQWV��ILVK�HDWLQJ�ELUGV�DQG�PDPPDOV
DUH�HVSHFLDOO\�DW�ULVN�IURP�SROOXWDQWV�WKDW
ELRPDJQLI\�EHFDXVH�WKH\�DUH�IUHTXHQWO\
H[SRVHG�WR�KLJK�OHYHOV�RI�WKHVH�SROOXWDQWV�

&RQWDPLQDWHG�VHGLPHQWV�SRVH�D
SRWHQWLDO�KD]DUG�WR�KXPDQ�KHDOWK�GXH�WR
ELRPDJQLILFDWLRQ�XS�WKH�IRRG�ZHE���0DQ\
SROOXWDQWV�LQ�WKH�ZDWHU�VHWWOH�WR�WKH�ERWWRP�DQG
ELQG�WR�VHGLPHQWV�RU�UHPDLQ�LQ�VROXWLRQ�LQ�WKH
ZDWHU�EHWZHHQ�WKH�VHGLPHQW�SDUWLFOHV��
$OWKRXJK�VRPH�SROOXWDQWV�FDQ�EH�GHJUDGHG�E\
EDFWHULD��PDQ\�SHUVLVW�LQ�VHGLPHQWV�IRU�\HDUV�
HYHQ�DIWHU�WKH�RULJLQDO�VRXUFH�RI�FRQWDPLQDWLRQ
KDV�EHHQ�UHPRYHG��+RZGHVKHOO�DQG�+LWHV
��������7KHUHIRUH��SROOXWDQW�OHYHOV�LQ�WKH
VHGLPHQW�PD\�EH�KLJKHU�WKDQ�WKH
FRQFHQWUDWLRQV�LQ�WKH�VXUURXQGLQJ�ZDWHU
DQG�RU�ELRWD��DQG�VKRXOG�EH�LQWHUSUHWHG
FDXWLRXVO\�ZKHQ�H[WUDSRODWLQJ�WR�SRWHQWLDO
OHYHOV�LQ�ELRWD���3ROOXWDQWV�LQ�WKH�FRQWDPLQDWHG
VHGLPHQW�FDQ�DOVR�EH�UHLQWURGXFHG�LQWR�WKH
ZDWHU�FROXPQ�DQG�FDQ�HQWHU�WKH�IRRG�ZHE
WKURXJK�EHQWKLF��ERWWRP�GZHOOLQJ��RUJDQLVPV
�H�J���FODPV��FUXVWDFHDQV��DQG�ZRUPV���ZKLFK
DUH�SUH\�WR�ODUJHU�ILVK���%HQWKLF�FRPPXQLW\
VWUXFWXUH��DV�ZHOO�DV�SROOXWDQWV�LQ�WLVVXHV�RI
EHQWKLF�RUJDQLVPV��PD\�VHUYH�DV�XVHIXO�LQGLFDWRUV�RI�VHGLPHQW�FRQWDPLQDWLRQ�

:LGH�VFDOH�PRQLWRULQJ�VWXGLHV�KDYH�EHHQ�FRQGXFWHG�RQ�SROOXWDQW�FRQWDPLQDWLRQ�RI�ELRWD
WR�DVVHVV�ODUJH�VFDOH�UHJLRQDO�DQG�QDWLRQDO�LPSDFWV�LQ�8�6��ZDWHUV���7KHVH�SURJUDPV�SURYLGH
YDOXDEOH�LQIRUPDWLRQ�DERXW�PDMRU�SROOXWDQWV��H�J���ZKHUH�WKH\�DUH�IRXQG�DQG�ZKHUH�WKH\
ELRDFFXPXODWH��DQG�WKH�H[WHQW�RI�FRQWDPLQDWLRQ�LQ�WKH�ZDWHUERGLHV��DOWKRXJK�WKH�VRXUFH�RI
FRQWDPLQDWLRQ��RU�FRQWULEXWLRQ�RI�DWPRVSKHULF�GHSRVLWLRQ��LV�JHQHUDOO\�QRW�HYDOXDWHG�

7ZR�ODUJH�VFDOH�SURJUDPV�WKDW�DVVHVV�WKH�FRQWDPLQDWLRQ�RI�ELRWD�LQ�PDMRU�8�6�
ZDWHUERGLHV�RU�FRDVWDO�DUHDV�DUH�WKH�12$$�1DWLRQDO�6WDWXV�DQG�7UHQGV��16	7��3URJUDP�DQG�
WKH�(3$�(QYLURQPHQWDO�0RQLWRULQJ�DQG�$VVHVVPHQW�3URJUDP��(0$3����7KH�16	7�3URJUDP
PRQLWRUV�WUHQGV�RI�PRUH�WKDQ����FKHPLFDO�FRQWDPLQDQWV��RUJDQLF�FRPSRXQGV�DQG�WUDFH�
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Systematic Sampling Approach

The Mussel Watch project is designed to
provide long-term and large-scale monitoring of
pollutant distribution, looking for temporal (not
spatial) trends.  The sampling design is set up to
be representative of large areas rather than small-
scale patches of contamination. The objective is
to get a representative picture of the general or
"average" conditions of the U.S. coastal waters. 
Therefore, a systematic sampling approach is
used.  Also, it is useful for estimating statistically
the average concentration of pollutants when
general trends or patterns in concentration are
known from other sources of information.

PHWDOV��LQ�ERWWRP�IHHGLQJ�ILVK��VKHOOILVK��DQG�VHGLPHQWV�DW�DOPRVW�����FRDVWDO�DQG�HVWXDULQH
ORFDWLRQV�WKURXJKRXW�WKH�8QLWHG�6WDWHV���$�ZHOO�NQRZQ�SURMHFW�RI�WKH�16	7�LV�WKH�0XVVHO�:DWFK��
(0$3�KDV�FDUULHG�RXW�UHJLRQDO�VFDOH�VWXGLHV��RQ�ERWK�WHUUHVWULDO�DQG�DTXDWLF�VSHFLHV���7KH�GDWD
FROOHFWHG�IRU�(0$3�(VWXDULHV��WR�TXDQWLI\�FRQGLWLRQV�LQ�FRDVWDO�UHJLRQV�RI�WKH�8QLWHG�6WDWHV��DUH
XVHIXO�WR�WKH�*UHDW�:DWHUV���6DPSOLQJ�DQG�VXEVHTXHQW�DQDO\VHV�LQ�(0$3�VWXGLHV�DUH�JHQHUDOO\
QRW�GLUHFWHG�DW�D�VSHFLILF�ZDWHUERG\��EXW�HQFRPSDVV�D�ODUJHU�JHRJUDSKLF�UHJLRQ��ZKLFK�PD\
LQFOXGH�ZDWHUERGLHV�RI�WKH�*UHDW�:DWHUV���7KHVH�WZR�SURMHFWV�SURYLGH�LQIRUPDWLRQ�RQ�DVVHVVLQJ
WKH�H[WHQW�RI�SROOXWDQW�FRQWDPLQDWLRQ�LQ�8�6��ZDWHUERGLHV��KRZHYHU��WKH�DSSOLFDWLRQ�RI�WKHLU
ILQGLQJV�WR�LQGLYLGXDO�ZDWHUERGLHV�LV�OLPLWHG�VLQFH�WKHVH�SURMHFWV�ZHUH�QRW�GHVLJQHG�WR�DGGUHVV
FRQFHUQV�VSHFLILF�WR�WKH�*UHDW�:DWHUV�

16	7�0866(/�:$7&+�352-(&7

,QLWLDWHG�LQ�������WKLV�FRQWLQXLQJ
SURMHFW�LV�GLUHFWHG�DW�WUDFNLQJ�WHPSRUDO�WUHQGV
LQ�FRQFHQWUDWLRQV�RI�SROOXWDQWV��H�J���3$+V�
3&%V��SHVWLFLGHV��PHWDOV��IRXQG�LQ�ZKROH�VRIW�
SDUWV�RI�PROOXVNV�DW�DERXW�����FRDVWDO�DQG
HVWXDULQH�VLWHV�RQ�WKH�$WODQWLF��3DFLILF��DQG�*XOI
FRDVWV��LQFOXGLQJ�*UHDW�:DWHUV�VXFK�DV
&KHVDSHDNH�%D\�DQG�*DOYHVWRQ�%D\��

6LQFH�QR�VLQJOH�VSHFLHV�RI�PROOXVN�LV
FRPPRQ�WR�DOO�ZDWHUV��D�QXPEHU�RI�VSHFLHV
KDYH�EHHQ�VDPSOHG�IRU�WKLV�SURMHFW��LQFOXGLQJ
VHYHUDO�FRPPRQ�WR�WKH�*UHDW�:DWHUV�³�EOXH
PXVVHOV��0\WLOXV�HGXOLV��IURP�WKH�1RUWKHDVW
DQG�:HVW�&RDVWV��$PHULFDQ�R\VWHUV��&UDVVRVWUHD
YLUJLQLFD��IURP�WKH�0LG�$WODQWLF�DQG�*XOI�FRDVWV��DQG�]HEUD�PXVVHOV��'UHLVVHQD�SRO\PRUSKD��IURP
WKH�*UHDW�/DNHV���0XVVHOV�DQG�R\VWHUV�DUH�XVHIXO�IRU�PRQLWRULQJ�FKDQJHV�LQ�WKH�SROOXWDQW�OHYHOV
EHFDXVH�WKH\�UHPDLQ�DW�IL[HG�VLWHV��DQG�FRQFHQWUDWLRQV�LQ�WKHLU�WLVVXHV�UHIOHFW��LQ�JHQHUDO��FKDQJHV
LQ�WKH�FRQFHQWUDWLRQV�LQ�WKH�VXUURXQGLQJ�ZDWHU���7KHUH�DUH�VSHFLHV�GLIIHUHQFHV��VR�GDWD�QHHG
FDUHIXO�LQWHUSUHWDWLRQ���6DPSOLQJ�IRU�WKLV�SURMHFW�LV�SHUIRUPHG�GXULQJ�WKH�VDPH�VHDVRQ�HDFK�\HDU
WR�UHGXFH�WKH�LQIOXHQFH�RI�VHDVRQDO�F\FOHV�RQ�QDWXUDO�IDFWRUV��H�J���VDOLQLW\��UHSURGXFWLYH�VWDWH���
6LWHV�WKDW�ZHUH�VHOHFWHG�VXSSRUW�DGHTXDWH�SRSXODWLRQV�RI�WKHVH�PROOXVNV�VXFK�WKDW�VXIILFLHQW
VDPSOHV�DUH�DYDLODEOH�DQQXDOO\�RYHU�PDQ\�\HDUV��2
&RQQRU�������2
&RQQRU�DQG�%HOLDHII�������

7DEOH�,,���LV�D�JHQHUDO�UHSUHVHQWDWLRQ�RI�WKH�SROOXWDQW�WUHQGV�LQ�PROOXVNV�GXULQJ�WKH������
�����SHULRG�DW�*UHDW�:DWHUV�VLWHV�EDVHG�RQ�DQDO\VLV�RI�GDWD�FROOHFWHG�IRU�WKH�0XVVHO�:DWFK�3URMHFW
�2
&RQQRU�DQG�%HOLDHII���������$OO�RI�WKH�WUHQGV�VKRZQ�LQ�7DEOH�,,���DUH�VWDWLVWLFDOO\�VLJQLILFDQW
�FRQILGHQFH�OHYHO�RI����SHUFHQW�DQG�DERYH���KRZHYHU��TXDQWLWDWLYH�LQIRUPDWLRQ�UHJDUGLQJ�WKH
FKDQJHV�LQ�SROOXWDQW�OHYHOV�ZDV�QRW�SURYLGHG�E\�2
&RQQRU�DQG�%HOLDHII����������&RQVHTXHQWO\�
WKH�PDJQLWXGHV�RI�WKH�LQFUHDVHV�RU�GHFUHDVHV�FDQQRW�EH�FRPSDUHG�EHWZHHQ�VLWHV��L�H���RQH�FDQQRW
GHWHUPLQH�ZKLFK�VLWHV�VKRZHG�WKH�PRVW�LPSURYHPHQW����+RZHYHU��XVHIXO�LQIRUPDWLRQ�UHJDUGLQJ
JHQHUDO�SROOXWDQW�WUHQGV�LV�SUHVHQWHG�

$V�VKRZQ�LQ�7DEOH�,,����PRVW�RI�WKH�*UHDW�:DWHUV�VLWHV�GLG�QRW�H[KLELW�D�VWDWLVWLFDOO\
VLJQLILFDQW�WUHQG�RU�FKDQJH�LQ�SROOXWDQW�OHYHOV�LQ�PROOXVN�WLVVXHV�GXULQJ�WKH�HLJKW�\HDU�SHULRG��
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7UHQGV��ZKHQ�SUHVHQW��ZHUH�PDLQO\�GRZQZDUG�VLQFH�������L�H���IRU�FDGPLXP��3&%V��''7��3$+V�
FKORUGDQH��DQG�GLHOGULQ����$FFRUGLQJ�WR�WKH�LQYHVWLJDWRUV��GHFUHDVHV�LQ�OHYHOV�RI�WKHVH�FKHPLFDOV
DUH�SUREDEO\�WKH�UHVXOW�RI�EDQV�RQ�WKH�XVH�RI�FKORULQDWHG�K\GURFDUERQV�DQG�WKH�UHGXFHG�XVH�RI
FHUWDLQ�SROOXWDQWV��2
&RQQRU�DQG�%HOLDHII�������

7KH�OHYHO�RI�PHUFXU\�LQ�PROOXVNV�VKRZHG�DQ�LQFUHDVLQJ�WUHQG�RYHU�WKH�HLJKW�\HDU�SHULRG
RQO\�LQ�RQH�*DOYHVWRQ�%D\�VLWH��2
&RQQRU�DQG�%HOLDHII���������'XULQJ�WKH�IRXU�\HDU�SHULRG�IURP
�����WR�������PHUFXU\�FRQFHQWUDWLRQV�LQFUHDVHG�DW�VHYHUDO�RWKHU�VLWHV��2
&RQQRU��������KRZHYHU�
PHUFXU\�OHYHOV�VWDELOL]HG�DW�WKHVH�VLWHV�E\������VR�WKDW�QR�VWDWLVWLFDOO\�VLJQLILFDQW�WUHQG�ZDV
DSSDUHQW�RYHU�WKH�HLJKW�\HDU�SHULRG��2
&RQQRU�DQG�%HOLDHII���������/HDG�OHYHOV�LQ�PROOXVNV�DOVR
H[KLELWHG�DQ�LQFUHDVLQJ�WUHQG�DW�RQH�VLWH�LQ�*DOYHVWRQ�%D\�DQG�RQH�VLWH�LQ�7DPSD�%D\�GXULQJ�WKH
HLJKW�\HDU�SHULRG��2
&RQQRU�DQG�%HOLDHII��������KRZHYHU��QR�FKDQJH�LQ�OHDG�OHYHOV�ZDV�HYLGHQW�DW
WKHVH�VLWHV�EHWZHHQ������DQG�������2
&RQQRU���������7KH�LQYHVWLJDWRUV�FRQFOXGHG�WKDW�EHFDXVH
WKH�KLJK�FRQFHQWUDWLRQV�RI�PHUFXU\�DQG�OHDG�ZHUH�IRXQG��IRU�WKH�PRVW�SDUW��LQ�WKH�YLFLQLW\�RI
SRSXODWLRQ�FHQWHUV��WKH\�PD\�EH�DWWULEXWDEOH�WR�KXPDQ�DFWLYLWLHV��2
&RQQRU�DQG�%HOLDHII�������

7KH�LQIRUPDWLRQ�SUHVHQWHG�LQ�7DEOH�,,���DQG�GLVFXVVHG�DERYH�IRFXVHV�RQO\�RQ�WUHQGV�LQ
FRQWDPLQDQW�OHYHOV�LQ�PROOXVNV�EDVHG�RQ�WKH�0XVVHO�:DWFK�3URMHFW�GDWD���)RU�WKH�SROOXWDQWV�WKDW
VKRZ�QR�VLJQLILFDQW�WUHQGV�RYHU�WKH�HLJKW�\HDU�SHULRG��LW�GRHV�QRW�QHFHVVDULO\�PHDQ�WKDW�QR
FKDQJHV�DUH�RFFXUULQJ�ZLWK�UHVSHFW�WR�FRQWDPLQDWLRQ�RI�ELRWD�DW�*UHDW�:DWHUV�VLWHV���2WKHU
DQDO\VHV�RI�WKH�0XVVHO�:DWFK�3URMHFW�GDWD�PD\�LQGLFDWH�GLIIHUHQW�SDWWHUQV�RI�SROOXWDQW
FRQFHQWUDWLRQV�LQ�PROOXVNV���,Q�DGGLWLRQ��JDPHILVK�DQG�ILVK�HDWLQJ�ELUGV�DQG�PDPPDOV�DUH�PXFK
KLJKHU�LQ�WKH�IRRG�ZHE�WKDQ�PXVVHOV�DQG�R\VWHUV��DQG�WKHUHIRUH��PD\�H[KLELW�GLIIHUHQW�SDWWHUQV�RI
SROOXWDQW�FRQFHQWUDWLRQV�LQ�WKHLU�WLVVXHV�

TABLE II-7
Eight-Year Trends of Pollutant Concentrations in Mussel Watch Project (1986-1993)

Waterbodies
(number of sites examined)

Contaminant Trend (number of sites affected) a

Mercury Lead Cadmium PCB DDT PAH Chlordane Dieldrin

Chesapeake Bay Û(5) Û(5) � (1) � (3) � (3) Û(5)  � (4) � (3)
(5 sites) Û(4) Û(2) Û(2) Û(1) Û(2)

Delaware Bay Û(4) Û(4) � (1) � (2) Û(4) Û(4) � (1) Û(4)
(4 sites) Û(3) Û(2) Û(3)

Long Island Sound Û(9) � (1) � (4) � (5) � (2) � (1) � (3) � (1)
(9 sites) Û(8) Û(5) Û(4) Û(7) Û(8) Û(6) Û(8)

Narragansett Bay Û(2) � (1) Û(2) Û(2) Û(2) Û(2) Û(2) Û(2)
(2 sites) Û(1)

Tampa Bay Û(3) � (1) Û(3) � (1) � (1) Û(3) � (2) Û(3)
(3 sites) Û(2) Û(2) Û(2) Û(1)

Galveston Bay � (1) � (1) Û(6) � (2) � (1) Û(6) � (4) � (3)
(6 sites) Û(5) Û(5) Û(4) Û(5) Û(2) Û(3)

 Represents trends in annually measured concentrations of contaminants in mollusks over 8-year period; trend indicated bya

arrow (i.e., � = decreasing trend; � = increasing trend; � = no trend).  Number of sites showing trend within each waterbody is
indicated in parentheses.  Sites were sampled in at least six of the eight years.  All trends shown are statistically significant.

Adapted from O'Connor and Beliaeff (1995).
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EMAP is a national program initiated in 1989 in
response to the EPA Science Advisory Board's
recommendation to monitor the status and trends
of the U.S. ecological resources -- terrestrial,
freshwater, and marine.  The program is directed
by EPA's Office of Research and Development,
with participation by other federal agencies (e.g.,
NOAA, U.S. Forest Service, U.S. Fish and Wildlife
Service).

(0$3�(678$5,(6

2QH�JRDO�RI�(0$3�LV�WR
TXDQWLWDWLYHO\�HYDOXDWH�WKH�FRQGLWLRQ�RI
FRDVWDO�HVWXDULHV��E\�LQYHVWLJDWLQJ�VHYHUDO
HQYLURQPHQWDO�FRQGLWLRQV���K\SR[LD��ORZ
R[\JHQ�OHYHOV���VHGLPHQW�FRQWDPLQDWLRQ�
FRDVWDO�HXWURSKLFDWLRQ��DQG�KDELWDW�ORVV���$
SUREDELOLW\�EDVHG�DSSURDFK�LV�XVHG��ZKLFK
DOORZV�HVWLPDWHV�WR�EH�PDGH�RI�WKH
XQFHUWDLQW\�DVVRFLDWHG�ZLWK�DVVHVVPHQWV�DQG
LPSURYHV�WKH�DELOLW\�WR�LGHQWLI\�HFRORJLFDO
UHVSRQVHV�WR�SROOXWLRQ���2I�LQWHUHVW�WR�WKH�*UHDW�:DWHUV�DUH�WKH�(0$3�(VWXDULHV�UHVXOWV�REWDLQHG
IRU�WKH�9LUJLQLDQ�3URYLQFH��&DSH�&RG�WR�WKH�&KHVDSHDNH�%D\��DQG�/RXLVLDQLDQ�3URYLQFH��7H[DV�WR
ZHVW�FRDVW�RI�)ORULGD����6WDWLVWLFDO�GDWD�FROOHFWHG�SURYLGH�SULPDULO\�TXDQWLWDWLYH�LQIRUPDWLRQ�RQ�D
UHJLRQDO�VFDOH�

5HVXOWV�DUH�DYDLODEOH�IRU�WKH�9LUJLQLDQ�3URYLQFH�IRU�������WUHQG�GDWD�IRU�����������DUH
FXUUHQWO\�EHLQJ�DQDO\]HG���ZKLFK�LQFOXGH�VDPSOLQJ�UHVXOWV�IRU�WZR�UHOHYDQW�*UHDW�:DWHUV�VLWHV�
WKH�&KHVDSHDNH�%D\��DV�ZHOO�DV�FRQQHFWLQJ�WULEXWDULHV�DQG�VPDOO�ZDWHU�V\VWHPV������VDPSOLQJ
VWDWLRQV��DQG�/RQJ�,VODQG�6RXQG�����VWDWLRQV����7RJHWKHU��WKH�WZR�ZDWHUERGLHV�UHSUHVHQW
DSSUR[LPDWHO\����SHUFHQW�RI�WKH�VXUIDFH�DUHD�RI�WKH�HQWLUH�SURYLQFH���2QH�RI�WKH�HQYLURQPHQWDO
LQGLFDWRUV�DVVHVVHG�LQ�WKH�VWXG\�ZDV�VHGLPHQW�FRQWDPLQDWLRQ���5HVXOWV�VKRZHG�WKDW�PHWDO
FRQFHQWUDWLRQV�LQ�WKH�VHGLPHQW�IRU�WKH�&KHVDSHDNH�%D\�ZHUH�VLPLODU�WR�WKH�FRQFHQWUDWLRQV�IRU�WKH
RYHUDOO�3URYLQFH�������J�J�IRU�OHDG����������J�J�IRU�PHUFXU\����������J�J�IRU�FDGPLXP����,Q�/RQJ
,VODQG�6RXQG��WKH�FRQFHQWUDWLRQV�RI�VRPH�PHWDOV�LQ�WKH�VHGLPHQW��������J�J�OHDG���������J�J�IRU
PHUFXU\��ZHUH�KLJKHU�WKDQ�WKRVH�UHSRUWHG�IRU�WKH�&KHVDSHDNH�%D\�DQG�WKH�RYHUDOO�9LUJLQLDQ
3URYLQFH���7KHVH�UHVXOWV�VXJJHVW�WKDW�/RQJ�,VODQG�6RXQG�H[KLELWV�VOLJKWO\�KLJKHU�FRQWDPLQDWLRQ�RI
VRPH�PHWDOV�LQ�VHGLPHQW�FRPSDUHG�WR�PRVW�RWKHU�ZDWHUERGLHV�LQ�WKH�HDVW�FRDVW�RI�WKH�8QLWHG
6WDWHV���&RPSDULQJ�UHVXOWV�DPRQJ�VSHFLILF�ZDWHUERGLHV�ZLWKLQ�WKH�UHJLRQDO�DUHD�LV�OLPLWHG�EHFDXVH
WKH�GHQVLW\�RI�VDPSOLQJ�SRLQWV�ZDV�QRW�GHVLJQHG�WR�WKRURXJKO\�FKDUDFWHUL]H�HDFK�ZDWHUERG\
VHSDUDWHO\���$OVR��XQFHUWDLQW\�H[LVWV�LQ�WKH�DQDO\VLV�RI�WKHVH�ZDWHUERGLHV�GXH�WR�WKH�VKRUW�GDWD
FROOHFWLRQ�SHULRG��RQH�\HDU���6WUREHO�HW�DO��������

%LRWD�&RQWDPLQDWLRQ�E\�0DMRU�:DWHUERG\

7KLV�VXEVHFWLRQ�SUHVHQWV�LQIRUPDWLRQ�IURP�VRPH�PRQLWRULQJ�VWXGLHV�DQG�LQYHVWLJDWLRQV
RI�WKH�SROOXWDQW�OHYHOV�LQ�WLVVXHV�RI�ELRWD�OLYLQJ�LQ�WKH�*UHDW�:DWHUV���7KHVH�VWXGLHV��PRVW�RI�ZKLFK
PHDVXUH�FRQFHQWUDWLRQV�RI�PHWDOV�DQG�RUJDQRFKORULQHV�LQ�ILVK��SURYLGH�HYLGHQFH�WKDW�WR[LF
FRQWDPLQDWLRQ�LV�RFFXUULQJ�LQ�ELRWD�IURP�WKHVH�ZDWHUV���,Q�PRVW�LQVWDQFHV��WKH�UHVHDUFKHUV�IRFXVHG
RQ�SROOXWDQW�OHYHOV�LQ�WLVVXHV�RI�WKH�ELRWD��DQG�GLG�QRW�ORRN�IRU�WR[LF�OHVLRQV�RU�RWKHU�DGYHUVH
HIIHFWV���1HYHUWKHOHVV��VRPH�RI�WKH�ORQJ�WHUP�VWXGLHV�SURYLGH�LQIRUPDWLRQ�RQ�SRWHQWLDO
FRQWDPLQDWLRQ�WUHQGV�LQ�WKH�VSHFLHV�H[DPLQHG���,Q�DGGLWLRQ��VWXGLHV�WKDW�PRQLWRU�WR[LF
FRQWDPLQDWLRQ�LQ�VHGLPHQW�DUH�SUHVHQWHG�EHFDXVH�FRQWDPLQDWHG�VHGLPHQW�PD\�EH�D�ORQJ�WHUP
VRXUFH�RI�SROOXWDQW�H[SRVXUH�WR�WKH�DTXDWLF�ELRWD�DQG�IRRG�ZHE���7KHVH�VWXGLHV�VXJJHVW
FRQWLQXLQJ�FRQWDPLQDWLRQ�LQ�WKH�ZDWHUERG\�
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PCB Contamination in
Great Lakes Biota

Lake Trout/Walleye :  During the period 1977-
1992, PCB concentrations in lake trout, as well as
walleye in Lake Erie, declined significantly, but in
recent years, concentrations have generally
remained stable or increased slightly in Lakes
Michigan, Huron, Superior, and Erie.

Coho Salmon :  PCB concentrations in coho
salmon collected from Lake Michigan declined
from 1.9 )g/g (1980) to 0.38 )g/g (1983), but then
increased to 1.09 )g/g (1992).  A similar pattern
was observed in Lake Erie and the upper reaches
of the Saint Lawrence River.

Herring Gull Eggs :  Monitored since 1974, the
greatest decline in PCB contamination in herring
gull eggs occurred between 1974 and 1981. 
Since then, the rate of decrease has leveled off,
and by 1991, slight increases were reported in the
levels of some PCBs.

Sources:  De Vault et al. 1995, 1996.

*5($7�/$.(6

&RQWDPLQDQW�FRQFHQWUDWLRQV�LQ
JDPHILVK�IURP�WKH�RSHQ�ZDWHUV�RI�WKH�*UHDW
/DNHV�KDYH�EHHQ�PRQLWRUHG�IRU�RYHU����\HDUV
DQG�SURYLGH�RQH�RI�WKH�PRVW�H[WHQVLYH�GDWD
EDVHV�RQ�WUHQGV�RI�HQYLURQPHQWDO
FRQWDPLQDQWV�LQ�RUJDQLVPV�DW�WKH�XSSHU�HQG
RI�WKH�IRRG�ZHE���7KUHH�PRQLWRULQJ�HIIRUWV
WKDW�GDWD�KDYH�FRPH�IURP�LQFOXGH�������ODNH
WURXW�PRQLWRUHG�E\�)LVKHULHV�DQG�2FHDQV
&DQDGD������ODNH�WURXW�DQG�ZDOOH\H
FRRSHUDWLYHO\�PRQLWRUHG�LQ�8�6��ZDWHUV�E\
(3$
V�*UHDW�/DNHV�1DWLRQDO�3URJUDP�2IILFH�
8�6��1DWLRQDO�%LRORJLFDO�6HUYLFH��DQG�WKH
*UHDW�/DNHV�6WDWHV��DQG�����FRKR�VDOPRQ
ILOOHWV�FRRSHUDWLYHO\�PRQLWRUHG�LQ�8�6��ZDWHUV
E\�WKH�*UHDW�/DNHV�6WDWHV��)'$��DQG�(3$
V
*UHDW�/DNHV�1DWLRQDO�3URJUDP�2IILFH�

7KHVH�PRQLWRULQJ�HIIRUWV�KDYH
GHPRQVWUDWHG�WKDW��ZKLOH�VLJQLILFDQW�GHFOLQHV
LQ�3&%�DQG�''7�FRQFHQWUDWLRQV�LQ�ODNH�WURXW�
ZDOOH\H��DQG�FRKR�VDOPRQ�KDYH�EHHQ
REVHUYHG�RYHU�WKH�SDVW�WZR�GHFDGHV��WKH
DPRXQW�RI�UHVLGXHV�RI�3&%V�DQG�''7�LQ
WKHVH�ILVK�KDYH�OHYHOHG�RII�RU�HYHQ�LQFUHDVHG�VOLJKWO\�LQ�WKH�ODVW�WHQ�\HDUV��'H�9DXOW�HW�DO�������
�������VHH�VLGHEDU����7KLV�FKDQJH�LQ�WUHQG�KDV�RFFXUUHG�GHVSLWH�GHFOLQLQJ�DPELHQW�ZDWHU
FRQFHQWUDWLRQV�RI�3&%V���$�VLPLODU�WUHQG�KDV�EHHQ�QRWHG�LQ�WKH�OHYHOV�RI�3&%V�DQG�''7�LQ�KHUULQJ
JXOO�HJJV��ZKLFK�KDYH�EHHQ�PRQLWRUHG�E\�WKH�&DQDGLDQ�:LOGOLIH�6HUYLFH�VLQFH������

/DNH�FRQGLWLRQ�FKDQJHV�FDQ�FRPSOLFDWH�SROOXWDQW�FRQWDPLQDWLRQ�LVVXHV���7KH�VWURQJ
FRUUHODWLRQ�EHWZHHQ�WUHQGV�LQ�''7�DQG�3&%V�VXJJHVWV�WKDW�FKDQJHV�LQ�WKH�FRPSRVLWLRQ�RI�WKH
IRRG�ZHE��RU�WURSKLF�VWUXFWXUH��PD\�EH�SDUWO\�UHVSRQVLEOH�IRU�LQFUHDVHV�LQ�FRQWDPLQDQW
FRQFHQWUDWLRQV�DW�WKH�XSSHU�HQG�RI�WKH�IRRG�ZHE��L�H���JDPHILVK���'H�9DXOW�HW�DO����������������)RU
H[DPSOH��UHVHDUFK�E\�+DIIQHU��������DQG�6WRZ�HW�DO���������RQ�WKH�H[SRVXUH�G\QDPLFV�RI�RUJDQLF
SROOXWDQWV�LQ�/DNHV�(ULH�DQG�0LFKLJDQ�VXJJHVWV�WKDW�FKDQJHV�LQ�WKH�IRRG�ZHE�FRXOG�EH�WKH�FDXVH
RI�WKH�REVHUYHG�LQFUHDVH�LQ�3&%�FRQWDPLQDWLRQ�LQ�ELRWD���/DUJH��UHJLRQDO�SRROV�RI�3&%V�FDQ�EH
UHLQWURGXFHG�IURP�VHGLPHQWV�E\�EHQWKLF�RUJDQLVPV���&KDQJHV�LQ�WKH�VSHFLHV�FRPSRVLWLRQ�DW�WKH
PLG�WURSKLF�OHYHOV�RI�WKH�IRRG�ZHE�PD\�ELRPDJQLI\�JUHDWHU�DPRXQWV�RI�3&%V�WR�KLJKHU�WURSKLF
OHYHOV���,QFUHDVHG�3&%�OHYHOV�LQ�FHUWDLQ�SUHGDWRU�ILVK�DOVR�PD\�EH�GXH�WR�UHGXFWLRQV�LQ�WKHLU
JURZWK�UDWH�

(YLGHQFH�RI�FKDQJHV�LQ�WKH�H[SRVXUH�G\QDPLFV�RI�RUJDQLF�FRQWDPLQDQWV�KDV�EHHQ
REVHUYHG�LQ�WKH�ZHVWHUQ�EDVLQ�RI�/DNH�(ULH�ZLWK�WKH�LQYDVLRQ�RI�]HEUD�DQG�TXDJJD�PXVVHOV
�+DIIQHU���������7KHVH�PXVVHOV�LQFUHDVH�ELRPDJQLILFDWLRQ�RI�SROOXWDQWV�LQ�WKH�EHQWKLF�IRRG������
ZHE�E\�FRQVXPLQJ�VLJQLILFDQW�DPRXQWV�RI�SK\WRSODQNWRQ�WKDW�DUH�FRQWDPLQDWHG�ZLWK���
SROOXWDQWV���7KH�PDMRU�SUHGDWRU�RI�WKH�]HEUD�PXVVHO�LV�WKH�GUXP��D�ORZ�WURSKLF�OHYHO�ILVK������
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Sediment Core Data in the Great Lakes

Atmospheric pollutant loadings into the Great
Lakes region are estimated from mass balance
studies and modeling data, although indirect
measures of contaminant loadings, such as
sediment core data, are also desirable.  Recent
measurements of sediment core data have shown
declining concentrations of PAHs in Lake
Michigan, PCBs and DDT in Lakes Michigan and
Ontario, and lead and mercury in Lakes Superior,
Michigan, and Ontario.  Comparison of sediment
data between the Great Lakes provides additional
information on sources of loadings.  For example,
toxaphene has long been thought to result from
long-range atmospheric transport from the
southeastern U.S.; however, sediment cores from
Lake Superior and upper Lake Michigan suggest
little decline in toxaphene (contrary to declines
observed for DDT, mercury, and PCBs in these
lakes).  Efforts are underway to examine this
issue.

Sources:  De Vault et al. 1995; Simcik et al. 1996.

ZKLFK�LQ�WXUQ�LV�D�SUHIHUUHG�SUH\�RI�WKH�KHUULQJ�JXOO���%\�FRQFHQWUDWLQJ�FRQWDPLQDQWV�FRQWDLQHG
LQ�SK\WRSODQNWRQ�DQG�RWKHU�VXVSHQGHG�RUJDQLF�SDUWLFOHV��]HEUD�DQG�TXDJJD�PXVVHOV�FDQ�FDXVH
3&%�OHYHOV�LQ�FHUWDLQ�ILVK�DQG�LQ�KHUULQJ�JXOOV�WR�LQFUHDVH�HYHQ�WKRXJK�DPELHQW�ZDWHU
FRQFHQWUDWLRQV�RI�FRQWDPLQDQWV�DUH�GHFUHDVLQJ�

7KH�WKUHH�PRQLWRULQJ�SURJUDPV
GLVFXVVHG�DERYH�DOVR�SURYLGH�LQIRUPDWLRQ�RQ
WKH�OHYHOV�RI�WZR�SHVWLFLGHV��GLHOGULQ�DQG
WR[DSKHQH��LQ�XSSHU�WURSKLF�OHYHO�ILVK�IURP
WKH�*UHDW�/DNHV���'LHOGULQ�FRQFHQWUDWLRQV
KDYH�H[KLELWHG�D�JHQHUDO�SDWWHUQ�RI�GHFOLQH�LQ
WKH�*UHDW�/DNHV�VLQFH�WKH�����V��'H�9DXOW�HW
DO����������������3HDN�OHYHOV�ZHUH�QRWHG�LQ
�����LQ�/DNHV�0LFKLJDQ��6XSHULRU��+XURQ�
DQG�2QWDULR�DQG�DJDLQ�LQ������LQ�/DNHV
6XSHULRU��+XURQ��2QWDULR��DQG�(ULH��
7R[DSKHQH�FRQFHQWUDWLRQV�DUH�KLJKHVW�LQ�ODNH
WURXW�IURP�/DNHV�0LFKLJDQ�DQG�6XSHULRU�DQG
ORZHVW�LQ�ODNH�WURXW�IURP�/DNHV�(ULH�DQG
2QWDULR��'H�9DXOW�HW�DO����������/DNH�WURXW
IURP�/DNH�0LFKLJDQ�VDPSOHG�EHWZHHQ�����
DQG������VXJJHVW�GHFOLQLQJ�OHYHOV�RI
WR[DSKHQH�GXULQJ�WKLV�SHULRG��KRZHYHU�
WKHUH�ZDV�QR�VLJQLILFDQW�FKDQJH�LQ
FRQFHQWUDWLRQV�RI�/DNH�6XSHULRU�ODNH�WURXW
�*ODVVPH\HU�HW�DO����������$�VLPLODU�WUHQG�ZDV
REVHUYHG�LQ�UDLQERZ�VPHOW���7KH�GURS�LQ
WR[DSKHQH�FRQFHQWUDWLRQV�FRLQFLGHV�ZLWK�WKH
8�6��EDQ�RQ�WR[DSKHQH�LQ��������7KH�LQYHVWLJDWRUV�VSHFXODWH�WKDW�WKH�ODFN�RI�GHFOLQH�LQ�/DNH
6XSHULRU�LV�GXH�WR�HLWKHU�D�ODNH�VSHFLILF�VRXUFH�WKDW�FRQWLQXHV�WR�ORDG�WR[DSKHQH�LQWR�/DNH
6XSHULRU�RU�D�VORZHU�UHPRYDO�UDWH�LQ�/DNH�6XSHULRU�FRPSDUHG�WR�WKH�RWKHU�*UHDW�/DNHV��PRUH
GLVFXVVLRQ�LQ�6HFWLRQ�,9�$�RQ�WKH�*UHDW�/DNHV��

,Q�FRQWUDVW�WR�WKH�PRQLWRULQJ�VWXGLHV�RI�JDPHILVK��PRQLWRULQJ�RI�IRUDJH�ILVK�SURYLGHV�DQ
LQGLFDWLRQ�RI�FRQWDPLQDWLRQ�DW�ORZHU�OHYHOV�RI�WKH�IRRG�ZHE���5DLQERZ�VPHOW�KDYH�EHHQ�URXWLQHO\
PRQLWRUHG�LQ�/DNHV�6XSHULRU��+XURQ��(ULH��DQG�2QWDULR�E\�)LVKHULHV�DQG�2FHDQV�&DQDGD�VLQFH
�������'XULQJ�WKLV�WLPH��FRQFHQWUDWLRQV�RI�3&%V��PHUFXU\��DQG�WRWDO�''7�KDYH�GHFOLQHG�VLJQLIL�
FDQWO\�LQ�VPHOW�IURP�WKHVH�ODNHV��'H�9DXOW�HW�DO����������6PHOW�IURP�/DNH�2QWDULR�FRQVLVWHQWO\�KDYH
WKH�KLJKHVW�WLVVXH�FRQFHQWUDWLRQV�RI�3&%V��a���²������J�J��DQG�WRWDO�''7��a����²�����J�J���ZKLOH
WKRVH�IURP�/DNH�6XSHULRU�KDYH�WKH�KLJKHVW�PHUFXU\�OHYHOV��a����²�����J�J��

&RQWDPLQDQW�FRQFHQWUDWLRQV�LQ�\RXQJ�RI�WKH�\HDU�VSRWWDLO�VKLQHUV�DUH�XVHIXO�LQGLFDWRUV
RI�ORFDO��UHFHQW�SROOXWDQW�LQSXWV�LQWR�DTXDWLF�HFRV\VWHPV�EHFDXVH�WKH\�GR�QRW�WUDYHO�H[WHQVLYHO\
GXULQJ�WKHLU�ILUVW�\HDU�RI�OLIH���6XUYHLOODQFH�RI�WKHVH�ILVK�E\�WKH�2QWDULR�0LQLVWU\�RI�(QYLURQPHQW
DQG�(QHUJ\��SULPDULO\�LQ�&DQDGLDQ�ZDWHUV��KDV�VKRZQ�D�JHQHUDO�GHFOLQH�LQ�WLVVXH�3&%�DQG�''7
FRQFHQWUDWLRQV��'H�9DXOW�HW�DO����������&RQWDPLQDQW�OHYHOV�DOVR�KDYH�EHHQ�DVVHVVHG�LQ�\RXQJ�RI�
WKH�\HDU�ILVK�IURP�WKH�1HZ�<RUN�ZDWHUV�RI�WKH�*UHDW�/DNHV��6NLQQHU�HW�DO����������(OHYDWHG
FRQFHQWUDWLRQV�RI�3&%V�ZHUH�IRXQG�PDLQO\�LQ�ILVK�IURP�WKH�6W��/DZUHQFH�5LYHU�GUDLQDJH�DUHD
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EHORZ�WKH�0RVHV�6DXQGHUV�'DP�LQ�0DVVHQD��WKHVH�OHYHOV�ZHUH�DWWULEXWHG�WR�LQGXVWULDO�DFWLYLWLHV
LQ�WKH�DUHD���/HYHOV�RI�PHUFXU\�LQ�WKHVH�ILVK�ZHUH�ORZ�������QJ�J��

=HEUD�PXVVHOV�KDYH�EHHQ�FRQVLGHUHG�WR�EH�SRWHQWLDO�V\VWHP�ZLGH�ELRPRQLWRUV�RI�RUJDQLF
FRQWDPLQDWLRQ�WUHQGV�LQ�WKH�*UHDW�/DNHV��&RPED�HW�DO����������5HVHDUFKHUV�FROOHFWHG�DQG�DQDO\]HG
VSHFLPHQV�IURP����VLWHV�LQ�/DNH�(ULH��/DNH�2QWDULR��DQG�WKH�6W��/DZUHQFH�5LYHU�EHWZHHQ������DQG
�����IRU�UHVLGXHV�RI�3&%V�DQG�RUJDQRFKORULQH�SHVWLFLGHV���0HDQ�FRQFHQWUDWLRQV�RI�����QJ�J�WRWDO
3&%V������QJ�J�WRWDO�''7��DQG�����QJ�J�WRWDO�FKORUGDQH��ZKROH�PXVVHO�GU\�ZHLJKW�EDVLV��ZHUH
UHSRUWHG���&RQFHQWUDWLRQV�YDULHG�JUHDWO\�EHWZHHQ�VLWHV��H�J�����²����QJ�J�WRWDO�3&%V���ZKLFK�WKH
UHVHDUFKHUV�DWWULEXWHG�WR�WKH�VHQVLWLYLW\�RI�WKHVH�PXVVHOV�WR�GLIIHUHQW�OHYHOV�RI�FRQWDPLQDWLRQ
�&RPED�HW�DO����������7KH�LQYHVWLJDWRUV�DOVR�LQGLFDWHG�WKDW�WKH�REVHUYDWLRQV�RI�VSDWLDO�FRQWDPLQDQW
WUHQGV�LQ�WKH�VWXG\�ZHUH�VLPLODU�WR�ILQGLQJV�IURP�RWKHU�ELRPRQLWRULQJ�SURJUDPV�

/$.(�&+$03/$,1

&XUUHQW�HIIRUWV�WR�PRQLWRU�WR[LF�SROOXWLRQ�LQ�/DNH�&KDPSODLQ�KDYH�IRFXVHG�RQ�ILVK�DQG
VHGLPHQW�FRQWDPLQDWLRQ�E\�PHWDOV�DQG�RUJDQLF�FRPSRXQGV���7KH�9HUPRQW�'HSDUWPHQW�RI
(QYLURQPHQWDO�&RQVHUYDWLRQ�LPSOHPHQWHG�D�VWXG\�WR�DQDO\]H�VRIW�WLVVXH�IURP�PXVVHOV��(OOLSWLR
FRPSODQDWD��DV�D�ELRLQGLFDWRU�IRU�WKH�ODNH���0XVVHOV�ZHUH�FROOHFWHG�DW�PRXWKV�RI�VHYHUDO�/DNH
&KDPSODLQ�WULEXWDULHV��FKORUGDQH�DQG�3$+V�ZHUH�GHWHFWHG�LQ�WKH�PXVVHOV��/&%3���������,Q������
������WKH�6WDWHV�RI�9HUPRQW�DQG�1HZ�<RUN�DQDO\]HG�ILVK�WLVVXH�FROOHFWHG�IURP�/DNH�&KDPSODLQ
IRU����FRQWDPLQDQWV���(OHYDWHG�OHYHOV�RI�3&%V�ZHUH�IRXQG�LQ�ODUJH�ODNH�WURXW�DQG�LQ�$PHULFDQ�HHO
DQG�EURZQ�EXOOKHDG���7KH�ILQGLQJV�RI�WKLV�VWXG\�OHG��LQ�SDUW��WR�KHDOWK�DGYLVRULHV�EHLQJ�LVVXHG
DJDLQVW�HDWLQJ�WKHVH�ILVK�VSHFLHV�LQ�/DNH�&KDPSODLQ��/&%3�������

%HFDXVH�RI�HOHYDWHG�OHYHOV�RI�SROOXWDQWV�LQ�/DNH�&KDPSODLQ��WKH�/DNH�&KDPSODLQ
6HGLPHQW�7R[LFV�$VVHVVPHQW�3URJUDP�ZDV�LQLWLDWHG��0F,QWRVK���������3ROOXWDQWV�WKDW�ZHUH
PHDVXUHG�LQFOXGHG�WUDFH�PHWDOV��FDGPLXP��PHUFXU\��OHDG��DQG�RUJDQLF�FRPSRXQGV��3&%V��3$+V�
GLR[LQV�IXUDQV����3ROOXWDQW�OHYHOV�ZHUH�PHDVXUHG�DW�QLQH�VLWHV�GXULQJ������DQG��������)LQGLQJV
DIWHU�WKH�HQG�RI�WKH�ILUVW�SKDVH��0D\�������SURYLGHG�OLWWOH�HYLGHQFH�RI�ZLGHVSUHDG�KLJK�OHYHO
FRQWDPLQDWLRQ��DOWKRXJK�KLJK�OHYHOV�RI�3&%V�DQG�3$+V�ZHUH�PHDVXUHG�LQ�VHGLPHQW�QHDU�WZR
GRFN�VLWHV����7KH�VWXG\�GLG�ILQG�ZLGHO\�YDU\LQJ�SDWWHUQV�RI�FRQWDPLQDWLRQ���,W�DSSHDUV�WKDW��DW
VRPH�VLWHV��VRPH�SROOXWDQWV�KDG�KLJKHU�FRQFHQWUDWLRQV�LQ�WKH�GHHSHU�OD\HUV�RI�WKH�VHGLPHQWV��ZLWK
WKH�XSSHU�OD\HUV�RI�VHGLPHQW�VKRZLQJ�OHVV�FRQWDPLQDWLRQ��ZKLOH�RWKHU�SROOXWDQWV�H[KLELWHG�D
UHYHUVDO�RI�WKLV�SDWWHUQ��0F,QWRVK��������KRZHYHU��WKH�LQYHVWLJDWRU�GLG�QRW�SURYLGH�DQ
H[SODQDWLRQ�IRU�WKLV�GHSRVLWLRQ�SDWWHUQ���7KH�ORFDO�DQG�RU�UHJLRQDO�VRXUFH�RI�WKH�FRQWDPLQDWLRQ�LV
QRW�NQRZQ�

$V�SDUW�RI�WKH�/DNH�&KDPSODLQ�6HGLPHQW�7R[LFV�$VVHVVPHQW�3URJUDP��D�ELRORJLFDO
DVVHVVPHQW�RI�WKH�FRQWDPLQDWHG�VHGLPHQWV�ZDV�DOVR�SHUIRUPHG��0F,QWRVK���������0RVW�RI�WKH
\HDU��ODNH�WURXW�GR�QRW�LQKDELW�ERWWRP�ZDWHUV�QHDU�WKH�VHGLPHQW�ZDWHU�LQWHUIDFH���+RZHYHU�
FRQFHUQV�H[LVW�IRU�WKH�PHFKDQLVPV�WKDW�PD\�OLQN�ODNH�WURXW�WR�3&%�FRQWDPLQDWHG�VHGLPHQW���7KLV
LVVXH�ZDV�HYDOXDWHG�E\�ORRNLQJ�DW�RQH�SRVVLEOH�OLQN��WKH�IUHVKZDWHU�VKULPS�0\VLV�UHOLFWD��RU
P\VLGV����0\VLGV�DUH�EHOLHYHG�WR�EH�D�PDMRU�FRPSRQHQW�LQ�WKH�/DNH�&KDPSODLQ�IRRG�ZHE��DQG�WKH
KLJK�OLSLG�FRQWHQW�RI�WKHVH�RUJDQLVPV�PDNH�WKHP�SRWHQWLDO�DFFXPXODWRUV�RI�3&%V���/DERUDWRU\
H[SHULPHQWV�GHPRQVWUDWHG�WKDW�H[SRVXUH�WR�3&%�FRQWDPLQDWHG�VHGLPHQW�UHVXOWV�LQ�KLJK�OHYHOV�RI
3&%V�LQ�WKH�P\VLGV��0F,QWRVK���������+RZHYHU��WKHUH�ZDV�QR�DWWHPSW�WR�SUHGLFW�WKH�SRWHQWLDO�RI
P\VLGV�WR�UHGLVWULEXWH�3&%V�ZLWKLQ�WKH�VHGLPHQWV�LQ�/DNH�&KDPSODLQ�
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$GYHUVH�HIIHFWV�WKDW�FRXOG�EH�UHODWHG�WR�SROOXWDQWV�DFFXPXODWLQJ�LQ�WKH�WLVVXHV�RI
RUJDQLVPV��VXFK�DV�UHGXFHG�JURZWK��UHSURGXFWLRQ�HIIHFWV��DQG�WXPRU�GHYHORSPHQW��KDYH�EHHQ
UHSRUWHG�LQ�DTXDWLF�RUJDQLVPV�LQ�D�YDULHW\�RI�KDELWDWV�LQ�WKH�%D\�IURP�WKH�����V�WR�WKH�HDUO\�����V��
7KH�&KHVDSHDNH�%D\�3URJUDP�KDV�VSRQVRUHG�IRUXPV�WR�DVVHVV�FRQWDPLQDQW�OHYHOV�LQ�ELRWD�DQG�WR
UHDFK�D�FRQVHQVXV�UHJDUGLQJ�WKH�WUHQGV�LQ�WKH�SROOXWDQWV�IRXQG�LQ�ELRWD�DQG�LQ�VHGLPHQW���:KLOH
VLJQLILFDQW�GHFOLQHV�LQ�PHWDO�FRQWDPLQDWLRQ�RI�ILVK�WLVVXH�KDYH�EHHQ�REVHUYHG�RYHU�WKH�SDVW�WZR
GHFDGHV��HOHYDWHG�PHWDO�FRQFHQWUDWLRQV�KDYH�EHHQ�PHDVXUHG�LQ�ILVK�LQ�VSHFLILF��PRUH
LQGXVWULDOL]HG�DUHDV�RI�&KHVDSHDNH�%D\��&%3�����E��

6WXGLHV�FRQGXFWHG�IURP������WR������VKRZ�WKDW�FKHPLFDO�FRQWDPLQDWLRQ�KDV�FDXVHG
YDULRXV�HIIHFWV�WR�ZLOGOLIH�LQ�WKH�&KHVDSHDNH�%D\�GXULQJ�WKH�����V�DQG�����V��&%3�����E����,Q
������WKH�6WDWXV�DQG�$VVHVVPHQW�RI�&KHVDSHDNH�%D\�:LOGOLIH�&RQWDPLQDWLRQ�)RUXP�ZDV�KHOG�WR�FULWLFDOO\
UHYLHZ�GDWD�RQ�WKH�HIIHFWV�RI�H[SRVXUH�DQG�XSWDNH�RI�SROOXWDQWV�RQ�&KHVDSHDNH�%D\�EDVLQ�ELUGV�
PDPPDOV��UHSWLOHV��DQG�DPSKLELDQV���7KH�FRPPLWWHH�FRQFOXGHG�WKDW�WKHUH�ZDV�OLWWOH�HYLGHQFH�WR
VXJJHVW�SROOXWDQWV�ZHUH�SRVLQJ�D�VHULRXV�GLUHFW�KD]DUG�WR�ELUGV�LQ�WKH�HDUO\�����V���,QVWHDG��LW�LV
PRUH�OLNHO\�WKDW�LQGLUHFW�HIIHFWV�RQ�ZLOGOLIH�KDELWDWV�DQG�IRRG�VRXUFHV��H�J���H[FHVVLYH�QXWULHQWV�
VXVSHQGHG�VHGLPHQWV��KHUELFLGHV��KDYH�JUHDWHU�LPSDFWV�RQ�ELUG�SRSXODWLRQV���7KH�IRUXP�IRXQG
WKDW�WKHUH�ZHUH�LQVXIILFLHQW�LQIRUPDWLRQ�DYDLODEOH�DW�WKH�WLPH�WR�IXOO\�DVVHVV�SRWHQWLDO�DGYHUVH
LPSDFWV�RI�FKHPLFDO�FRQWDPLQDWLRQ�RQ�PDPPDOLDQ��UHSWLOH��DQG�DPSKLELDQ�SRSXODWLRQV�LQ�WKH
&KHVDSHDNH�%D\�EDVLQ��&%3�����E����'XH�WR�PRUH�UHFHQW�VFLHQWLILF�LQIRUPDWLRQ�RQ�VRPH
SROOXWDQWV
�PHFKDQLVPV�RI�DFWLRQ�VXFK�DV�HQGRFULQH�GLVUXSWLRQ��VHH�6HFWLRQV�,,�&�DQG�,,�'���WKH
FRQFOXVLRQV�RI�WKH������IRUXP�PD\�QHHG�WR�EH�UHHYDOXDWHG�ZLWK�PRUH�FXUUHQW�GDWD�RQ�SROOXWDQW
FRQWDPLQDWLRQ�LQ�&KHVDSHDNH�%D\�ELRWD�

,Q�������WKH�&KHVDSHDNH�%D\�)LQILVK�DQG�6KHOOILVK�7LVVXH�&RQWDPLQDWLRQ�&ULWLFDO�,VVXHV�)RUXP
ZDV�KHOG�WR�DGGUHVV�WKH�IROORZLQJ�LVVXHV�������PDJQLWXGH�DQG�H[WHQW�RI�ILVK�DQG�VKHOOILVK�FRQWDP�
LQDWLRQ�LQ�WKH�&KHVDSHDNH�%D\�DQG�LWV�EDVLQ������LPSDFW��L�H���ELRDFFXPXODWLRQ��WR[LFLW\��RI�WKH
FRQWDPLQDWLRQ�DW�EDVLQZLGH��ED\ZLGH��UHJLRQDO��RU�ORFDO�VFDOHV��DQG�����FRPSDULVRQ�RI�WKH�FRQWDP�
LQDWLRQ�WR�WKDW�RI�RWKHU�ZDWHUERGLHV��H�J���3XJHW�6RXQG��*UHDW�/DNHV���&%3�����E����7KH�GDWD�FRP�
SLOHG�E\�WKH�IRUXP�LQGLFDWH�WKDW�ILQILVK�DQG�VKHOOILVK�WLVVXH�FRQWDPLQDQW�FRQFHQWUDWLRQV�GHFOLQHG
VLJQLILFDQWO\�DIWHU�WKH�����V�IRU�VHYHUDO�PHWDOV��SHVWLFLGHV��DQG�RUJDQLF�FKHPLFDOV���)RU�ILVK�VSHFLHV
FRPELQHG��FRQFHQWUDWLRQV�RI�3&%V�DQG�''7�LQ�ILVK�OLYHU�WLVVXH�DUH�LQ�WKH�ORZ�UDQJH�UHODWLYH�WR
QDWLRQDO�GDWD���+RZHYHU��DW�WKH�VSHFLHV�VSHFLILF�OHYHO��$WODQWLF�FURDNHU�DQG�VSRW�FROOHFWHG�IURP
�����WR������KDG�OHYHOV�RI�FKORUGDQH��3&%V��GLHOGULQ��DQG�WRWDO�''7�LQ�WKH�OLYHU�DERYH�WKH�QDWLRQDO
DYHUDJH�DQG�QDWLRQDO�PHGLDQ�IRU�WKHVH�VSHFLHV���/HDG�DQG�PHUFXU\�FRQFHQWUDWLRQV�LQ�FURDNHU
OLYHUV�ZHUH�JHQHUDOO\�DERYH�WKH�QDWLRQDO�DYHUDJH�DQG�QDWLRQDO�PHGLDQ��ZKLOH�OHDG�FRQFHQWUDWLRQV
LQ�VSRW�OLYHUV�ZHUH�VSRUDGLFDOO\�KLJK���7KH�FRQFHQWUDWLRQV�RI�3&%V��FKORUGDQH��GLHOGULQ��''7�
FDGPLXP��DQG�PHUFXU\�LQ�R\VWHUV�LQ�WKH�&KHVDSHDNH�%D\�KDYH�GHFOLQHG�EHWZHHQ������DQG�������
/HYHOV�RI�PHUFXU\��FKORUGDQH��WR[DSKHQH��DQG�3&%V�LQ�ILQILVK�IURP�WKH�&KHVDSHDNH�%D\�EDVLQ��KRW
VSRWV���H�J���%DOWLPRUH�+DUERU��%DFN�5LYHU��DUH�JHQHUDOO\�ZHOO�EHORZ�WKRVH�IRXQG�DW�RWKHU�DUHDV
FRQVLGHUHG�FRQWDPLQDWHG��H�J���1HZ�<RUN�1HZ�-HUVH\�+DUERU��/DNH�0LFKLJDQ��%RVWRQ�+DUERU���

27+(5�&2$67$/�$5($6

6HYHUDO�PRQLWRULQJ�VWXGLHV�RI�ELRWD�FRQWDPLQDWLRQ�DOVR�KDYH�EHHQ�SHUIRUPHG�LQ�RWKHU
FRDVWDO�ZDWHUERGLHV�RI�WKH�*UHDW�:DWHUV���6RPH�UHOHYDQW�ILQGLQJV�DUH�KLJKOLJKWHG�EHORZ�
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KRZHYHU��DGGLWLRQDO�UHVHDUFK�LV�QHHGHG�WR�SURYLGH�D�PRUH�FRPSOHWH�SLFWXUH�RI�ELRWD
FRQWDPLQDWLRQ�LQ�VRPH�RI�WKHVH�FRDVWDO�DUHDV�

® *DOYHVWRQ�%D\���7KHUH�LV�OLWWOH�LQIRUPDWLRQ�DERXW�KLVWRULFDO�WUHQGV�DQG�FRQFHQWUDWLRQV�RI
SROOXWDQWV�LQ�DTXDWLF�RUJDQLVPV�IURP�*DOYHVWRQ�%D\���)RU�WKLV�UHDVRQ��WKH�*DOYHVWRQ�%D\
1DWLRQDO�(VWXDU\�3URJUDP�LQLWLDWHG�D�VWXG\�WR�FKDUDFWHUL]H�SROOXWDQW�FRQWDPLQDWLRQ�LQ
HGLEOH�ILVK�DQG�VKHOOILVK�LQ�WKH�ED\���%HWZHHQ������DQG����������ILVK�VSHFLHV��WZR�VKHOOILVK
VSHFLHV��DQG�WKUHH�ELUG�VSHFLHV�ZHUH�VDPSOHG�IRU�QXPHURXV�SROOXWDQWV��LQFOXGLQJ�VHYHUDO
*UHDW�:DWHUV�SROOXWDQWV�RI�FRQFHUQ���1R��KRW�VSRWV��RI�ELRWD�FRQWDPLQDWLRQ�ZHUH�GHWHFWHG
DQG�WKH�ILVK�WLVVXH�FRQFHQWUDWLRQV�UDUHO\�H[FHHGHG�)'$�FULWHULD�IRU�WKHVH�FRQWDPLQDQWV
�%URRNV�HW�DO����������7KH�VWXG\�GLG�QRW�HYDOXDWH�GLR[LQV��EXW�ILVK�FRQVXPSWLRQ�DGYLVRULHV
WR�SURWHFW�WKH�JHQHUDO�SRSXODWLRQ�FXUUHQWO\�H[LVW�IRU�GLR[LQV�LQ�*DOYHVWRQ�%D\�

® 7DPSD�%D\���7LVVXH�FRQFHQWUDWLRQV�RI�RUJDQLF�FRPSRXQGV�DQG�WUDFH�PHWDOV�LQ�7DPSD�%D\
R\VWHUV��&��9LUJLQLFD���VDPSOHG�EHWZHHQ������DQG�������ZHUH�FRPSDUHG�WR�UHSRUWHG�OHYHOV
IRU�DGYHUVH�HIIHFWV�WR�PXVVHOV�DW�RWKHU�VLWHV��/RQJ�HW�DO����������7KH�DYHUDJH�FRQFHQWUDWLRQ
RI�WRWDO�3&%V�LQ�WKH�7DPSD�%D\�R\VWHUV�FROOHFWHG�RYHU�IRXU�\HDUV�ZDV������SSP�GU\
ZHLJKW��WRWDO�3&%�FRQFHQWUDWLRQ�RI������SSP�RU�JUHDWHU�RFFXUUHG�LQ����RI����VDPSOHV��
,QYHVWLJDWRUV�GHWHUPLQHG�WKDW��IRU�WRWDO�3&%V��DGYHUVH�HIIHFWV��H�J���UHSURGXFWLYH�HIIHFWV�
FHOOXODU�GDPDJH��DQG�ELRFKHPLFDO�FKDQJHV��LQ�PXVVHOV�ZHUH�DVVRFLDWHG�ZLWK�WLVVXH
FRQFHQWUDWLRQV�RI������WR������SSP�GU\�ZHLJKW���7KH�DYHUDJH�FRQFHQWUDWLRQ�RI�PHUFXU\�LQ
WKH�7DPSD�%D\�R\VWHUV�FROOHFWHG�RYHU�IRXU�\HDUV�ZDV������SSP�GU\�ZHLJKW��PHUFXU\
FRQFHQWUDWLRQ�RI�����SSP�RU�JUHDWHU�RFFXUUHG�LQ����RI����VDPSOHV���$GYHUVH�HIIHFWV��H�J��
SDWKRORJLFDO�DQG�HQ]\PDWLF�UHVSRQVHV��LQ�PXVVHOV�ZHUH�DVVRFLDWHG�ZLWK�PHUFXU\�WLVVXH
FRQFHQWUDWLRQ�RI�����SSP�GU\�ZHLJKW���%DVHG�RQ�WKHVH�GDWD��/RQJ�HW�DO���������FRQFOXGHG
WKDW�WKH�3&%�DQG�PHUFXU\�FRQFHQWUDWLRQV�LQ�VRPH�R\VWHUV�LQ�7DPSD�%D\�PD\�EH
VXIILFLHQW�WR�FDXVH�SRWHQWLDO�DGYHUVH�ELRORJLFDO�HIIHFWV�

® 1HZ�<RUN�1HZ�-HUVH\�+DUERU�DQG�1HZ�<RUN�%LJKW���,Q����������VSHFLHV�RI�ILVK��VL[�VSHFLHV�RI
ELYDOYHV��WZR�VSHFLHV�RI�FUXVWDFHDQV��DQG�RQH�VSHFLHV�RI�FHSKDORSRG�ZHUH�FROOHFWHG�IURP
VL[�DUHDV�RI�WKH�1HZ�<RUN�1HZ�-HUVH\�+DUERU��LQFOXGLQJ�WKH�1HZ�<RUN�%LJKW�$SH[
�6NLQQHU�HW�DO����������7KH�VDPSOHV�ZHUH�DQDO\]HG�IRU�FRQWDPLQDQWV��LQFOXGLQJ�3&%V�
RUJDQRFKORULQH�SHVWLFLGHV��DQG�PHUFXU\���2I�WKHVH�FRPSRXQGV��3&%V�ZHUH�WKH�SULPDU\
FKHPLFDO�FRQWDPLQDQWV�RI�FRQFHUQ��$YHUDJH�WRWDO�3&%�FRQFHQWUDWLRQV�IRU�$PHULFDQ�HHO�
VWULSHG�EDVV��ZKLWH�SHUFK��EOXHILVK��UDLQERZ�VPHOW��DQG�WKH�KHSDWRSDQFUHDV�RI�EOXH�FUDE
DQG�$PHULFDQ�OREVWHU�LQ�RQH�RU�PRUH�DUHDV�RI�WKH�KDUERU�HVWXDU\�H[FHHGHG�WKH�)'$
WROHUDQFH�OHYHO�IRU�3&%V��������QJ�J����,Q�EOXH�FUDE�DQG�$PHULFDQ�OREVWHU��3&%�DQG
RUJDQRFKORULQH�SHVWLFLGH�UHVLGXH�FRQFHQWUDWLRQV�ZHUH�SDUWLFXODUO\�HOHYDWHG�LQ�WLVVXHV
ZLWK�KLJK�OLSLG�FRQWHQW��H�J���KHSDWRSDQFUHDV����7KH�UHVHDUFKHUV�QRWHG�WKDW�DOWKRXJK
UHODWLYHO\�ORZ�OHYHOV�RI�FRQWDPLQDWLRQ�ZHUH�IRXQG�LQ�PXVFOH�WLVVXH��LQFUHDVHG
FRQWDPLQDQW�OHYHOV�LQ�WKH�KHSDWRSDQFUHDV�PD\�SUHVHQW�D�VXEVWDQWLDOO\�LQFUHDVHG�ULVN�WR
WKRVH�SHRSOH�ZKR�FKRRVH�WR�HDW�WKLV�WLVVXH��6NLQQHU�HW�DO����������3&%�FRQFHQWUDWLRQV�ZHUH
KLJKHVW�LQ�WKH�+XGVRQ�5LYHU�DQG�8SSHU�%D\��WKH�(DVW�5LYHU��DQG�WKH�$UWKXU�.LOO�.LOO�9DQ
.XOO�1HZDUN�FRPSOH[��FRQFHQWUDWLRQV�ZHUH�ORZHVW�LQ�-DPDLFD�%D\�DQG�WKH�1HZ�<RUN
%LJKW�$SH[���7KH�SULQFLSDO�FRPSRQHQWV�RI�WKH�3&%�FRQFHQWUDWLRQV�REVHUYHG�ZHUH�WKH
KLJKHU�FKORULQDWHG�FRQJHQHUV�
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5HVLGXHV�RI�FHUWDLQ�RWKHU�FRQWDPLQDQWV��H�J���''7��FKORUGDQH��GLHOGULQ��DQG�PHUFXU\�
DOVR�H[FHHGHG�UHJXODWRU\�FULWHULD�LQ�VRPH�ILVK�WLVVXH�VDPSOHV��6NLQQHU�HW�DO����������
$QDO\VHV�ZHUH�SHUIRUPHG�IRU�KH[DFKORUREHQ]HQH�DQG�WR[DSKHQH��EXW�WKH\�ZHUH�VHOGRP
RU�QHYHU�GHWHFWHG�
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7KLV�VHFWLRQ�LV�LQWHQGHG�WR�SURYLGH�D�EULHI�RYHUYLHZ�RI�WKH�FXUUHQW�OLWHUDWXUH�RQ�WKH
SRWHQWLDO�HFRORJLFDO�HIIHFWV��JHQHUDOO\��DGYHUVH�HIIHFWV�WR�DTXDWLF�RUJDQLVPV��ELUGV��DQG�PDPPDOV�
IURP�H[SRVXUH�WR�WKH�*UHDW�:DWHUV�SROOXWDQWV�RI�FRQFHUQ���,Q�JHQHUDO��WKH�LQIRUPDWLRQ�SUHVHQWHG
LQ�WKLV�VHFWLRQ�UHSUHVHQWV�GDWD�SXEOLVKHG�VLQFH�WKH�EDFNJURXQG�GRFXPHQW�IURP�WKH�)LUVW�5HSRUW�WR
&RQJUHVV�RQ�H[SRVXUH�DQG�HIIHFWV��6ZDLQ�HW�DO������D��ZDV�FRPSOHWHG�WKURXJK��������%HFDXVH�WKH
LQIRUPDWLRQ�SUHVHQWHG�LQ�WKLV�UHSRUW�FRYHUV�RQO\�UHFHQW�VWXGLHV��LW�FDQQRW�EH�XVHG�DORQH�WR
GHWHUPLQH�ZKHWKHU�WKHVH�HIIHFWV�DUH�ZLGHVSUHDG�LQ�WKH�HQYLURQPHQW���$V�LQ�WKH�)LUVW�5HSRUW�WR
&RQJUHVV��WKH�FRQWULEXWLRQ�RI�DWPRVSKHULF�GHSRVLWLRQ�WR�WR[LF�FRQWDPLQDWLRQ�DQG�SRWHQWLDO
HFRORJLFDO�HIIHFWV�DVVRFLDWHG�ZLWK�H[SRVXUH�WR�WKH�SROOXWDQWV�FDQQRW�EH�TXDQWLILHG�DW�WKLV�WLPH�

7KLV�VHFWLRQ�SUHVHQWV�LQIRUPDWLRQ�RQ�HIIHFWV�REVHUYHG�LQ�ERWK�ODERUDWRU\�DQG�ILHOG
VWXGLHV��LW�GRHV�QRW��KRZHYHU�DWWHPSW�WR�HVWDEOLVK�D�UHODWLRQVKLS�EHWZHHQ�WKH�WZR�W\SHV�RI�VWXGLHV��
7KLV�VHFWLRQ�DOVR�GRHV�QRW�SURYLGH�LQIRUPDWLRQ�RQ�WKH�H[SRVXUH�OHYHOV�RI�WKH�SROOXWDQWV
UHVSRQVLEOH�IRU�WKH�REVHUYHG�HIIHFWV���,Q�DGGLWLRQ��WKLV�VHFWLRQ�GRHV�QRW�GLVWLQJXLVK�HIIHFWV�WKDW
PD\�RFFXU�LQ�ZLOGOLIH�ZLWK�ORQJ�WHUP�H[SRVXUH�WR�WKH�SROOXWDQWV�RI�FRQFHUQ�IURP�HIIHFWV�FDXVHG
E\�DFXWH��KLJK�OHYHO�H[SRVXUHV��H�J���DFFLGHQWDO�VSLOOV����7KH�SRWHQWLDO�HIIHFWV�RI�D�SROOXWDQW�PD\
YDU\�ZLWK�GXUDWLRQ�RI�H[SRVXUH��SRVVLEO\�GXH�WR�D�EUHDNGRZQ�RI�WKH�FKHPLFDO�LQ�WKH�ERG\�WR
DQRWKHU�FKHPLFDO�WKDW�LV�PRUH�WR[LF�RU�DIIHFWV�RWKHU�WDUJHW�RUJDQV�WKDQ�WKH�H[SRVHG�FKHPLFDO��
)XUWKHUPRUH��DGYHUVH�HIIHFWV�RQ�HFRORJLFDO�KHDOWK�FDXVHG�E\�H[SRVXUH�WR�WR[LF�FRQWDPLQDQWV�DUH
QRW�RIWHQ�HDV\�WR�GLVWLQJXLVK�IURP�RWKHU�VWUHVVHV���)RU�H[DPSOH��ILVK�SRSXODWLRQV�LQ�WKH�*UHDW
/DNHV�VXIIHU�IURP�KDELWDW�ORVV��RYHUILVKLQJ��DQG�WKH�LQWURGXFWLRQ�RI�QRQ�QDWLYH�VSHFLHV��LQ
DGGLWLRQ�WR�WKH�HIIHFWV�IURP�WR[LF�FRQWDPLQDQW�H[SRVXUH��8�6��(3$�����D����)LQDOO\��VWXGLHV�RQ
HFRORJLFDO�HIIHFWV�JHQHUDOO\�GR�QRW�GHWHUPLQH�WKH�H[SRVXUH�SDWKZD\�RI�WKH�SROOXWDQWV��H�J��
DWPRVSKHULF�GHSRVLWLRQ����,Q�WKLV�UHSRUW��XQGHU�IXWXUH�GLUHFWLRQV�IRU�UHVHDUFK��(3$�UHFRPPHQGV
FRRUGLQDWHG�DQDO\VHV�RI�SHUVLVWHQW�SROOXWDQWV�WKDW�UHODWH�ILHOG�PHDVXUHPHQWV�RI�FRQFHQWUDWLRQV�WR
HVWLPDWHG�H[SRVXUH�DQG�DVVRFLDWHG�HIIHFWV�REVHUYHG�LQ�ELRWD�

&RQFOXVLRQV�IURP�WKH�)LUVW�5HSRUW�WR�&RQJUHVV

,QIRUPDWLRQ�IURP�WKH�)LUVW�5HSRUW�WR�&RQJUHVV�LV�SUHVHQWHG�KHUH�WR�SURYLGH�D�IRXQGDWLRQ
IRU�WKH�VXEVHTXHQW�GLVFXVVLRQ�RI�WKH�UHFHQW�LQIRUPDWLRQ�DYDLODEOH�IRU�WKLV�UHSRUW���7KH�)LUVW�5HSRUW
WR�&RQJUHVV��DV�ZHOO�DV�WKH�EDFNJURXQG�GRFXPHQW�RQ�H[SRVXUH�DQG�HIIHFWV��6ZDLQ�HW�DO������D��
LGHQWLILHG�PDQ\�DGYHUVH�HFRORJLFDO�HIIHFWV��DW�ERWK�WKH�LQGLYLGXDO�VSHFLHV�OHYHO�DQG�WKH�HFRV\VWHP
OHYHO��DVVRFLDWHG�ZLWK�WKH�SROOXWDQWV�RI�FRQFHUQ���,Q�DGGLWLRQ��WKH�)LUVW�5HSRUW�WR�&RQJUHVV
GLVFXVVHG�HXWURSKLFDWLRQ�RI�HVWXDULQH�ZDWHUV��ZKLFK�LV�WKH�PDLQ�HFRORJLFDO�HIIHFW�UHOHYDQW�WR�WKLV
UHSRUW�DVVRFLDWHG�ZLWK�QLWURJHQ�ORDGLQJ���5HVHDUFK�ILQGLQJV�DQG�VWXGLHV�SUHVHQWHG�LQ�WKH�)LUVW
5HSRUW�WR�&RQJUHVV�OHG�WR�WKH�IROORZLQJ�JHQHUDO�FRQFOXVLRQV�FRQFHUQLQJ�SRWHQWLDO�HFRORJLFDO
HIIHFWV�

® 7KH�VHOHFWHG�SROOXWDQWV�RI�FRQFHUQ�KDYH�EHHQ�OLQNHG�WR�D�EURDG�UDQJH�RI�HIIHFWV�DW�WKH
LQGLYLGXDO�VSHFLHV�OHYHO�LQ�DTXDWLF�RUJDQLVPV�DQG�RWKHU�ZLOGOLIH��LQFOXGLQJ�HIIHFWV�RQ�WKH
UHSURGXFWLYH��QHUYRXV��LPPXQH��DQG�HQGRFULQH�V\VWHPV��DQG�FKDQJHV�LQ�HQ]\PH
IXQFWLRQLQJ�

® 5HSURGXFWLYH�HIIHFWV�RI�FHUWDLQ�SROOXWDQWV�RI�FRQFHUQ�LQFOXGH�UHGXFHG�IHUWLOLW\��LQFUHDVHG
HPEU\R�WR[LFLW\��UHGXFHG�KDWFKDELOLW\��UHGXFHG�VXUYLYDO�RI�RIIVSULQJ��DEQRUPDOLWLHV�LQ
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W\SLFDOO\�WDNHV�SODFH�RYHU�KXQGUHGV�RI�\HDUV��EXW�FDQ�EH�JUHDWO\�DFFHOHUDWHG�E\�DGGLWLRQV�RI�QXWULHQWV�IURP�KXPDQ
DFWLYLWLHV�

����

Pollutants of Concern for Reproduction

Pollutants of concern that have been linked
with reproductive impairment in aquatic and
terrestrial wildlife include cadmium, DDT/DDE,
dieldrin, lead, lindane, mercury, PCBs, and
2,3,7,8-TCDD.  

RIIVSULQJ��SDUHQWDO�EHKDYLRU�FKDQJH�
DQG�FKDQJHV�LQ�PDWLQJ�EHKDYLRU
�H�J���LPSDLUHG�KRUPRQH�DFWLYLW\�
FKDQJHG�DGXOW�VH[XDO�EHKDYLRU����)RU
H[DPSOH��HJJVKHOO�WKLQQLQJ�LQ�D
QXPEHU�RI�ELUG�VSHFLHV�DQG
DVVRFLDWHG�UHSURGXFWLYH�ORVV�ZHUH
OLQNHG�WR�H[SRVXUH�WR�''7��DQG�LWV
PHWDEROLWH�''(��LQ�WKH�����V�DQG
����V���5HFHQW�GHFUHDVHV�LQ�HQYLURQPHQWDO�FRQFHQWUDWLRQV�RI�UHSURGXFWLYH�SROOXWDQWV�RI
FRQFHUQ��VXFK�DV�''7�DQG�3&%V��DUH�FRUUHODWHG�ZLWK�SRSXODWLRQ�UHFRYHULHV�LQ�PDQ\�ELUG
DQG�RWKHU�ZLOGOLIH�VSHFLHV��KRZHYHU��VRPH�SRSXODWLRQV�LQ�FHUWDLQ�UHJLRQV�RI�WKH�*UHDW
/DNHV�VWLOO�H[KLELW�KLJKHU�UDWHV�RI�UHSURGXFWLYH�IDLOXUH�WKDQ�LQ�RWKHU�DUHDV�

® (IIHFWV�RQ�WKH�QHUYRXV�DQG�HQGRFULQH�V\VWHPV�PD\�RFFXU�DW�YHU\�ORZ�H[SRVXUH�OHYHOV��
)RU�H[DPSOH��ZLOG�SRSXODWLRQV�RI�*UHDW�/DNHV�KHUULQJ�JXOOV��)RUVWHU
V�WHUQV��DQG�ULQJ�
ELOOHG�JXOOV�H[SRVHG�WR�YDULRXV�SROOXWDQWV�RI�FRQFHUQ�KDYH�H[KLELWHG�EHKDYLRUDO�FKDQJHV
VXFK�DV�IHPDOH�IHPDOH�SDLULQJV��ZKLFK�UHVXOW�LQ�DEQRUPDO�LQFXEDWLRQ�DFWLYLWLHV�DQG
QHVWLQJ�EHKDYLRU��LQFOXGLQJ�QHVW�DEDQGRQPHQW�

® 6HYHUDO�RI�WKH�SROOXWDQWV�RI�FRQFHUQ�FDXVH�FKDQJHV�LQ�HQ]\PH�IXQFWLRQLQJ���6WXGLHV
UHSRUWHG�WKDW�WKH�DFWLYLW\�RI�HQ]\PHV�UHVSRQVLEOH�IRU�WKH�EUHDNGRZQ�RI�IRUHLJQ
FRPSRXQGV�LV�JUHDWO\�LQFUHDVHG�E\�PRVW�RI�WKH�SROOXWDQWV�RI�FRQFHUQ���,Q�ILVK��WKH
LQFUHDVHG�DFWLYLW\�RI�WKHVH�HQ]\PHV�KDV�EHHQ�VKRZQ�WR�UHVXOW�IURP�H[SRVXUH�WR�3&%V�DQG
3$+V���,Q�ELUGV���ZDVWLQJ��V\QGURPH��L�H���WKH�FRQGLWLRQ�LQ�ZKLFK�DQ�DQLPDO�VORZO\�ORVHV
ERG\�ZHLJKW�XQWLO�LW�FDQ�QR�ORQJHU�VXVWDLQ�LWVHOI��KDV�EHHQ�UHODWHG�WR�DOWHUHG�HQ]\PH
DFWLYLW\�UHVXOWLQJ�IURP�H[SRVXUH�WR�SROOXWDQWV�VXFK�DV�7&''�

® ([SRVXUH�RI�FRPPXQLWLHV�RI�ERWWRP�GZHOOLQJ�DTXDWLF�VSHFLHV�LQ�WKH�*UHDW�/DNHV�WR�WR[LF
FKHPLFDOV�KDV�UHVXOWHG�LQ�VLJQLILFDQW�FKDQJHV�LQ�VSHFLHV�GLYHUVLW\�DQG�SRSXODWLRQV���,Q
DGGLWLRQ��ILVK�HDWLQJ�ELUGV�VXFK�DV�EDOG�HDJOHV��KHUULQJ�JXOOV��DQG�)RUVWHU
V�WHUQV�LQ�WKH
*UHDW�/DNHV�UHJLRQ�KDYH�XQGHUJRQH�VLJQLILFDQW�SRSXODWLRQ�GHFOLQHV�VLQFH�WKH�����V��
2QO\�LQ�UHFHQW�\HDUV��DV�ZDWHU�FRQFHQWUDWLRQV�RI�SROOXWDQWV�LQ�WKH�*UHDW�/DNHV�KDYH
GHFOLQHG��KDYH�VRPH�VSHFLHV�EHJXQ�WR�UHFRYHU���&HUWDLQ�FXUUHQW�SRSXODWLRQ�UHFRYHULHV�RI
ILVK�HDWLQJ�ELUGV�DUH�VWLOO�GHSHQGHQW�RQ�PLJUDWLRQ�WR�*UHDW�/DNHV�EUHHGLQJ�FRORQLHV�IURP
RWKHU�DUHDV�

® (XWURSKLFDWLRQ �LV�RQH�RI�WKH�PRVW�VHULRXV�SROOXWLRQ�SUREOHPV�IDFLQJ�HVWXDULQH�ZDWHUV�RI�

WKH�8QLWHG�6WDWHV���$WPRVSKHULF�GHSRVLWLRQ�RI�YDULRXV�QLWURJHQ�FRPSRXQGV��PRVWO\
QLWUDWHV�DQG�DPPRQLXP��FDQ�FRQWULEXWH�VLJQLILFDQWO\�WR�HXWURSKLFDWLRQ�LQ�FRDVWDO�ZDWHUV
ZKHUH�SURGXFWLYLW\�LV�XVXDOO\�OLPLWHG�E\�QLWURJHQ�DYDLODELOLW\���$FFHOHUDWHG�HXWURSKL�
FDWLRQ�UHVXOWV�LQ�VHYHUH�HFRORJLFDO�HIIHFWV�VXFK�DV�QXLVDQFH�DOJDO�EORRPV��GLHEDFN�RI
XQGHUZDWHU�SODQWV��GXH�WR�UHGXFHG�OLJKW�SHQHWUDWLRQ���UHGXFHG�R[\JHQ�OHYHOV�LQ�WKH
ZDWHU��DQG�UHGXFHG�SRSXODWLRQV�RI�ILVK�DQG�VKHOOILVK���7KH�UHGXFWLRQ�LQ�R[\JHQ�OHYHOV
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PD\�UHGXFH�RU�HOLPLQDWH�ERWWRP�IHHGHU�SRSXODWLRQV��FUHDWH�FRQGLWLRQV�WKDW�IDYRU
GLIIHUHQW�VSHFLHV��RU�FDXVH�GUDPDWLF�ILVK�NLOOV��UHVXOWLQJ�LQ�DQ�DOWHUHG�IRRG�ZHE�

7KH�UHPDLQGHU�RI�WKLV�VHFWLRQ�SUHVHQWV�XSGDWHG�LQIRUPDWLRQ�RQ�HFRORJLFDO�HIIHFWV
DVVRFLDWHG�ZLWK�WKH�*UHDW�:DWHUV�SROOXWDQWV�RI�FRQFHUQ�

&XUUHQW�8QGHUVWDQGLQJ�RI�(FRORJLFDO�(IIHFWV

6LQFH�WKH�)LUVW�5HSRUW�WR�&RQJUHVV��XSGDWHG�LQIRUPDWLRQ�RQ�WKH�SROOXWDQWV�RI�FRQFHUQ
DQG�WKHLU�HIIHFWV�RQ�DTXDWLF�DQG�WHUUHVWULDO�ZLOGOLIH�KDV�EHFRPH�DYDLODEOH���7KLV�VHFWLRQ�ILUVW
GLVFXVVHV�VRPH�QRWDEOH�UHVHDUFK�HIIRUWV�RQ�HFRORJLFDO�HIIHFWV�UHOHYDQW�WR�VRPH�*UHDW�:DWHUV
SROOXWDQWV�RI�FRQFHUQ�DQG�WKHQ�SURYLGHV�D�EULHI�RYHUYLHZ�RI�UHFHQW�GDWD�RQ�WKH�SRWHQWLDO
HFRORJLFDO�HIIHFWV�VSHFLILF�WR�HDFK�SROOXWDQW�RI�FRQFHUQ�

$V�LQWURGXFHG�LQ�WKH�)LUVW�5HSRUW�WR�&RQJUHVV��WKH�UROH�RI�HQGRFULQH�GLVUXSWRUV�LQ�FDXVLQJ
DGYHUVH�HIIHFWV�ZLOGOLIH�DQG�KXPDQV�LV�DQ�HPHUJLQJ�DQG�FRQWURYHUVLDO�LVVXH���(QGRFULQH
GLVUXSWRUV�ZHUH�WHUPHG��HQYLURQPHQWDO�HVWURJHQV��LQ�WKH�)LUVW�5HSRUW�WR�&RQJUHVV��KRZHYHU�
EHFDXVH�WKH�LQWHUIHUHQFH�ZLWK�KRUPRQH�DFWLRQ�ZDV�IRXQG�QRW�WR�EH�OLPLWHG�WR�HVWURJHQ��WKHVH
SROOXWDQWV�DUH�QRZ�PRUH�JHQHUDOO\�UHIHUUHG�WR�DV��HQGRFULQH�GLVUXSWRUV����)RU�H[DPSOH��S�S
�''(
�D�EUHDNGRZQ�SURGXFW�RI�''7��KDV�EHHQ�VKRZQ�WR�LQKLELW�WKH�ELQGLQJ�RI�DQGURJHQ��D�PDOH
KRUPRQH��WR�UHFHSWRUV��DPRQJ�RWKHU�DQGURJHQ�DFWLRQV��.HOFH�HW�DO����������6HYHUDO�SROOXWDQWV�KDYH
EHHQ�LGHQWLILHG�DV�SRVVLEOH�HQGRFULQH�GLVUXSWRUV��LQFOXGLQJ����RI�WKH����SROOXWDQWV�RI�FRQFHUQ�IRU
DWPRVSKHULF�GHSRVLWLRQ�WR�WKH�*UHDW�:DWHUV���FKORUGDQH��GLHOGULQ��''7�''(��KH[DFKORUREHQ]HQH�
OHDG��OLQGDQH��PHUFXU\��LQ�WKH�IRUP�GLPHWK\OPHUFXU\���3&%V��7&''V��7&')V��DQG�WR[DSKHQH
�H�J���&DVVLG\�HW�DO��������&KRZGKXU\�HW�DO��������&ROERUQ�HW�DO��������0F.LQQH\�������6RWR�HW�DO�
������8�6��(3$�����F����6LQFH�WKH�)LUVW�5HSRUW�WR�&RQJUHVV��VFLHQWLILF�UHVHDUFK�RQ�HQGRFULQH
GLVUXSWRUV�KDV�FRQWLQXHG�WR�SURYLGH�HYLGHQFH�RI�WKHLU�DGYHUVH�HIIHFWV�DQG�KDV�LQYHVWLJDWHG�WKHLU
PHFKDQLVPV�RI�DFWLRQ��L�H���KRZ�WKH\�GLVUXSW�WKH�HQGRFULQH�V\VWHP�ZLWKLQ�WKH�ERG\��

7KH�H[LVWHQFH�DQG�HIIHFWV�RI�WKH�KRUPRQH�OLNH�DFWLRQ�RI�HQYLURQPHQWDO�SROOXWDQWV�ZHUH
ILUVW�K\SRWKHVL]HG�LQ�WKH�����V�DQG�����V���,Q�WKH�ODWH�����V��VFLHQWLVWV�FRQFHUQHG�ZLWK�QRQFDQFHU
HIIHFWV�RI�WR[LF�SROOXWDQWV�EURXJKW�WKLV�LVVXH�LQWR�IRFXV���,Q�-XO\�������PDQ\�VFLHQWLVWV�ZKRVH
GLYHUVH�UHVHDUFK�LQWHUHVWV�WRXFKHG�RQ�VRPH�DVSHFW�RI�HQGRFULQH�V\VWHP�GLVUXSWLRQ�FRQYHQHG�DW
WKH�:LQJVSUHDG�&RQIHUHQFH���7KH�FRQIHUHQFH�KHOSHG�LGHQWLI\�IXWXUH�UHVHDUFK�QHHGV�IRU
LPSURYLQJ�WKH�XQGHUVWDQGLQJ�RI�HQGRFULQH�GLVUXSWRUV��WKHLU�PHFKDQLVPV�RI�DFWLRQ��DQG�WKHLU
HIIHFWV��1:)���������0DQ\�RI�WKH�DGYHUVH�HIIHFWV�LQ�ZLOGOLIH�DQG�KXPDQV��H�J���UHSURGXFWLYH�
GHYHORSPHQWDO��DQG�LPPXQRORJLFDO�HIIHFWV��DVVRFLDWHG�ZLWK�WKH�SROOXWDQWV�RI�FRQFHUQ�DUH�QRZ
WKHRUL]HG�WR�EH�DVVRFLDWHG�ZLWK�WKH�HQGRFULQH�GLVUXSWLQJ�DFWLRQ�RI�WKH�SROOXWDQWV���5HFHQW�DUWLFOHV
SXEOLVKHG�LQ�WKH�PDVV�PHGLD�KDYH�EURXJKW�WKLV�LVVXH�ZLGHVSUHDG�DWWHQWLRQ��%HJOH\�DQG�*OLFN
������6XSOHH�������:HLVV�������:HLVV�DQG�/HH�������

(QGRFULQH�GLVUXSWRUV�DUH�EHOLHYHG�WR�LQWHUIHUH�ZLWK�WKH�RSHUDWLRQ�RI�WKH�HQGRFULQH
V\VWHP�LQ�PDQ\�ZD\V��VXFK�DV�E\�PLPLFNLQJ�QDWXUDO�KRUPRQHV�RU�E\�EORFNLQJ�QDWXUDO�KRUPRQHV��
7KLV�LQWHUIHUHQFH�FDQ�SRWHQWLDOO\�GLVUXSW�WKH�UHSURGXFWLYH�DQG�LPPXQH�V\VWHPV�DQG�DGYHUVHO\
DIIHFW�PHWDEROLVP��JURZWK��DQG�EHKDYLRU�

6RPH�RI�WKH�UHFHQW�DUWLFOHV�GHPRQVWUDWLQJ�HQGRFULQH�GLVUXSWLRQ�E\�D�IHZ�RI�WKH�*UHDW
:DWHUV�SROOXWDQWV�RI�FRQFHUQ�LQ�DTXDWLF�DQG�WHUUHVWULDO�ZLOGOLIH�DUH�EULHIO\�VXPPDUL]HG�EHORZ�
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® 6FLHQWLVWV�LQ�FHQWUDO�)ORULGD�KDYH�EHHQ�REVHUYLQJ�DOOLJDWRUV�IURP�D�FRQWDPLQDWHG�ODNH�DQG
D�FRQWURO�ODNH���7KH�UHVHDUFKHUV�KDYH�IRXQG�WKDW�DOOLJDWRU�HJJV�DQG�QHZERUQV�IURP�WKH
FRQWDPLQDWHG�ODNH�GLIIHU�VLJQLILFDQWO\�IURP�WKRVH�LQ�WKH�FRQWURO�ODNH��VKRZLQJ�UHGXFHG
KDWFKDELOLW\��UHGXFHG�YLDELOLW\�RI�RIIVSULQJ��HQGRFULQH��GHPDVFXODWLRQ��RI�PDOHV��DQG
�VXSHUIHPLQL]DWLRQ��RI�IHPDOHV��*XLOOHWWH�HW�DO����������-XYHQLOH�DOOLJDWRUV�H[KLELW
VLJQLILFDQWO\�VPDOOHU�SHQLV�VL]H�����SHUFHQW�GHFUHDVH��DQG�ORZHU�SODVPD�FRQFHQWUDWLRQV�RI
WHVWRVWHURQH�����SHUFHQW�ORZHU��ZKHQ�FRPSDUHG�WR�DOOLJDWRUV�IURP�WKH�FRQWURO�ODNH
�*XLOOHWWH�HW�DO����������7KH�DOOLJDWRUV�IURP�WKH�FRQWDPLQDWHG�ODNH�KDYH�HOHYDWHG�OHYHOV�RI
S�S
�''(��D�NQRZQ�HQGRFULQH�GLVUXSWRU��LQ�WKHLU�WLVVXHV��ZKLFK�UHVHDUFKHUV�EHOLHYH�DUH
DVVRFLDWHG�ZLWK�D�ODUJH�VSLOO�RI�D�SHVWLFLGH�FRQWDLQLQJ�''7���6WXGLHV�LQWR�WKH�PHFKDQLVP
RI�DFWLRQ�RI�WKHVH�HIIHFWV�DUH�RQJRLQJ��*XLOOHWWH�HW�DO��������������

® 5HVHDUFKHUV�KDYH�EHHQ�VWXG\LQJ�WKH�PHFKDQLVP�RI�DFWLRQ�RI�HQGRFULQH�GLVUXSWLRQ�LQ�D
FRPPRQ�WXUWOH�VSHFLHV��WKH�UHG�HDUHG�VOLGHU��DQG�WKH�$IULFDQ�FODZHG�IURJ��3DOPHU�DQG
3DOPHU���������7KHLU�ZRUN�KDV�IRFXVHG�RQ�D�SRWHQWLDO�ELRPDUNHU�IRU�H[SRVXUH�WR�HQGR�
FULQH�GLVUXSWRUV�FDOOHG�YLWHOORJHQLQ��HJJ�\RON�SURWHLQ�LQ�WKH�EORRG�RI�HJJ�OD\LQJ�YHUWH�
EUDWHV����:KHQ�VWLPXODWHG�E\�HVWURJHQ��WKH�OLYHU�SURGXFHV�WKLV�SURWHLQ�DQG�UHOHDVHV�WKH
SURWHLQ�LQWR�WKH�EORRGVWUHDP��ZKHUH�LW�WKHQ�FLUFXODWHV�WR�WKH�RYDULHV�DQG�LV�GHSRVLWHG�LQWR
DQ�HJJ���8VXDOO\�RQO\�IHPDOHV�SRVVHVV�D�VXIILFLHQW�DPRXQW�RI�HVWURJHQ�WR�SURGXFH�YLWHO�
ORJHQLQ��KRZHYHU��LQ�D�ODERUDWRU\�VWXG\��''7�LQGXFHG�YLWHOORJHQLQ�SURGXFWLRQ�LQ�PDOH
WXUWOHV�DQG�IURJV���,Q�DQRWKHU�VWXG\��3&%V�DQG�OLQGDQH�ZHUH�IRXQG�WR�LQGXFH�HVWURJHQ
UHFHSWRU�DQG�YLWHOORJHQLQ�DFFXPXODWLRQ�LQ�UDLQERZ�WURXW�OLYHU��)ORXURLW�HW�DO��������

® ,Q�PDQ\�HJJ�OD\LQJ�UHSWLOHV��WKH�WHPSHUDWXUH�RI�WKH�LQFXEDWLQJ�HJJ�GHWHUPLQHV�WKH�VH[�RI
WKH�RIIVSULQJ���3&%V�DSSOLHG�WR�WKH�VKHOOV�RI�WXUWOH�HJJV�GXULQJ�WKH�SHULRG�RI�VH[XDO
GLIIHUHQWLDWLRQ�FRXQWHUDFWHG�PDOH�SURGXFLQJ�WHPSHUDWXUHV�DQG�LQGXFHG�RYDULDQ
GHYHORSPHQW��%HUJHURQ�HW�DO����������)XUWKHU�VWXG\�RI�WKH�PHFKDQLVP�RI�DFWLRQ�DQG
V\QHUJLVWLF�HIIHFWV�RI�GLIIHUHQW�3&%�FRQJHQHUV�DUH�RQJRLQJ��&UHZV�HW�DO��������

® 5HVHDUFKHUV�KDYH�UHFHQWO\�EHHQ�WHVWLQJ�WKH�K\SRWKHVLV�WKDW�HQGRFULQH�GLVUXSWRUV��VXFK�DV
''(��PHUFXU\��DQG�3&%V��DUH�SOD\LQJ�D�UROH�LQ�WKH�GHFOLQH�RI�WKH�HQGDQJHUHG�)ORULGD
SDQWKHU�SRSXODWLRQ��)DFHPLUH�HW�DO�����������0DQ\�KDYH�FRQVLGHUHG�LQEUHHGLQJ�WKH�PDLQ
IDFWRU�XS�WR�WKLV�SRLQW����$�ODUJH�SHUFHQWDJH�RI�PDOHV�KDYH�H[KLELWHG�DEQRUPDO�UHSURGXF�
WLYH�RUJDQV��VWHULOLW\��DQG�SURGXFWLRQ�RI�DEQRUPDO�RU�GHIRUPHG�VSHUP���%RWK�PDOHV�DQG
IHPDOHV�H[KLELW�DEQRUPDO�KRUPRQH�UDWLRV��ZLWK�OLWWOH�GLIIHUHQFH�LQ�HVWUDGLRO�OHYHOV
EHWZHHQ�PDOHV�DQG�IHPDOHV��L�H���HYLGHQFH�WKDW�PDOHV�KDYH�EHHQ�GHPDVFXODWHG�DQG
IHPLQL]HG��

® 7KH�HIIOXHQW�IURP�VHZDJH�WUHDWPHQW�SODQWV�KDV�EHHQ�VKRZQ�WR�LQGXFH�YLWHOORJHQLQ
V\QWKHVLV�LV�PDOH�ILVK��)ROPDU�HW�DO��������6XPSWHU�DQG�-REOLQJ���������7KH�LQYHVWLJDWRUV
DWWULEXWH�WKLV�HIIHFW�WR�WKH�HVWURJHQLF�SURSHUWLHV�RI�HQYLURQPHQWDO�FRQWDPLQDQWV�LQ�WKH
HIIOXHQW��WKRXJK�VSHFLILF�FKHPLFDOV�ZHUH�QRW�LGHQWLILHG�

,Q�UHFHQW�\HDUV��VHYHUDO�RUJDQL]DWLRQV�DQG�JRYHUQPHQWDO�DJHQFLHV��LQFOXGLQJ�(3$��KDYH
EHJXQ�WR�VXSSRUW�UHVHDUFK�HIIRUWV�WR�IXUWKHU�VWXG\�HQGRFULQH�GLVUXSWRUV���)RU�H[DPSOH�

® 7KH�1DWLRQDO�6FLHQFH�DQG�7HFKQRORJ\�&RXQFLO��ZKLFK�DGYLVHV�WKH�3UHVLGHQW�DQG�KLV
&DELQHW�RQ�GLUHFWLRQV�IRU�IHGHUDO�UHVHDUFK�DQG�GHYHORSPHQW�HIIRUWV��KDV�JLYHQ�(3$������
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Research Planning Workshops on
Endocrine Disruptors

Purpose :  To develop a national research strategy
on endocrine disruptors, in response to growing
public concern over their adverse effects.

Findings :  The hypothesis that endocrine
disruptors cause a variety of adverse effects in
wildlife and humans is of sufficient concern to
warrant a concerted research effort.  Research
priorities include:  identifying and characterizing
effects on developing reproductive systems; and
refining exposure assessments and research on
toxicology of mixtures.

Outcomes :  EPA has published workshop findings
and recommendations in scientific literature,
begun implementing some of the identified
research initiatives, and has formed an Endocrine
Disruptor Research Coordination Committee.

Sources:  Ankley et al. 1997; CENR 1996; Kavlok
et al. 1996; U.S. EPA 1995b.

WKH�WDVN�RI�GHYHORSLQJ�D�QDWLRQDO
UHVHDUFK�VWUDWHJ\�RQ�HQGRFULQH
GLVUXSWRUV�E\��������(3$�UHFHQWO\
FRQGXFWHG�WZR�ZRUNVKRSV�WR�SODQ
UHVHDUFK�LQ�WKLV�DUHD��VHH�VLGHEDU��

® 7KH�&KHPLFDO�,QGXVWU\�,QVWLWXWH�RI
7R[LFRORJ\��&,,7��KDV�GHYHORSHG�D
FRPSUHKHQVLYH�UHVHDUFK�SURJUDP�WR
HYDOXDWH�WKH�SRWHQWLDO�IRU�VHOHFWHG
FKHPLFDOV�WR�DIIHFW�WKH�KXPDQ
HQGRFULQH�V\VWHP���2QH�RI�WKH�FULWLFDO
JRDOV�RI�WKLV�SURJUDP�LV�WR
XQGHUVWDQG�WKH�UHODWLRQVKLS�EHWZHHQ
GRVH�OHYHOV�WKDW�SURGXFH�DQ�HIIHFW�LQ
ODERUDWRU\�FHOO�FXOWXUHV�DQG�WKH�GRVH
OHYHO�QHHGHG�IRU�HIIHFWV�WR�EH�VHHQ�LQ
ODERUDWRU\�DQLPDOV�

® (3$
V�5LVN�$VVHVVPHQW�)RUXP��ZKLFK
SURPRWHV�VFLHQWLILF�FRQVHQVXV�RQ�ULVN
DVVHVVPHQW�LVVXHV��DVVHPEOHG�D
WHFKQLFDO�SDQHO�WR�VWXG\�HQYLURQPHQWDO�HQGRFULQH�GLVUXSWRUV���7KH�SDQHO�KDV�UHOHDVHG�D
GUDIW�UHSRUW�WKDW�LV�LQWHQGHG�WR�VHUYH�DV�DQ�LQWHULP�DVVHVVPHQW�DQG�DQDO\VLV�RI�WKH
HQYLURQPHQWDO�HQGRFULQH�GLVUXSWLRQ�K\SRWKHVLV�XQWLO�D�PRUH�H[WHQVLYH�H[SORUDWLRQ�RI
WKH�LVVXH�FDQ�EH�FRPSOHWHG�E\�WKH�1DWLRQDO�$FDGHP\�RI�6FLHQFH��8�6��(3$�����G��

,Q�DGGLWLRQ�WR�WKH�UHFHQW�IRFXV�RQ�HQGRFULQH�GLVUXSWRUV�DQG�WKHLU�SRWHQWLDO�LPSDFW�RQ
HFRORJLFDO�KHDOWK��RWKHU�UHVHDUFK�HIIRUWV�UHOHYDQW�WR�SRWHQWLDO�HFRORJLFDO�HIIHFWV�RI�WKH�SROOXWDQWV�RI
FRQFHUQ�LQFOXGH�WKH�IROORZLQJ�

® (3$�VXEPLWWHG�D�GUDIW�0HUFXU\�6WXG\�5HSRUW�WR�WKH�6FLHQFH�$GYLVRU\�%RDUG��6$%��IRU
UHYLHZ�LQ�-XQH��������7KH�UHSRUW�ZDV�UHYLHZHG�E\�6$%�LQ�)HEUXDU\��������(3$�H[SHFWV�WR
UHFHLYH�WKH�RSLQLRQ�RI�6$%�LQ�WKH�VXPPHU�RI��������7KH�ILQDO�0HUFXU\�6WXG\�5HSRUW�ZLOO
IXOILOO�WKH�UHTXLUHPHQWV�RI�&$$�VHFWLRQ�����Q�����%���LQFOXGLQJ�D�UHTXLUHPHQW�WR�DVVHVV�WKH
HQYLURQPHQWDO�HIIHFWV�RI�PHUFXU\�HPLVVLRQV�

® 'LR[LQ�KDV�EHHQ�FODVVLILHG�DV�WKH�PRVW�SRWHQW�NQRZQ�DQLPDO�FDUFLQRJHQ��DQG�DV�D
SUREDEOH�KXPDQ�FDUFLQRJHQ��VLQFH��������,QFUHDVHG�FRQFHUQV�WKDW�GLR[LQV�LQ�DTXDWLF
HQYLURQPHQWV�PD\�EH�D�PDMRU�FRQWULEXWRU�WR�RYHUDOO�KXPDQ�GLR[LQ�H[SRVXUH�WKURXJK
ILVK�DQG�VKHOOILVK�FRQVXPSWLRQ��DV�ZHOO�DV�LQFUHDVHG�HYLGHQFH�RI�LWV�KD]DUG�WR�ILVK�DQG
ZLOGOLIH��SURPSWHG�(3$�WR�UHDVVHVV�GLR[LQ
V�HIIHFWV�RQ�DTXDWLF�HFRV\VWHPV���:RUN�RQ
FKDUDFWHUL]LQJ�HFRORJLFDO�ULVNV�LV�LQ�SURJUHVV�DW�(3$
V�0LG�&RQWLQHQW�(FRORJ\�'LYLVLRQ���
RI�WKH�1DWLRQDO�+HDOWK�DQG�(FRORJLFDO�(IIHFWV�5HVHDUFK�/DERUDWRU\��1+((5/��LQ���
'XOXWK��0LQQHVRWD���(3$�SXEOLVKHG�WKH�,QWHULP�5HSRUW�RQ�'DWD�DQG�0HWKRGV�IRU���
$VVHVVPHQW�RI���������7HWUDFKORURGLEHQ]R�S�GLR[LQ�5LVNV�WR�$TXDWLF�/LIH�DQG�$VVRFLDWHG����
:LOGOLIH��8�6��(3$�����D��RQ�WKLV�UHVHDUFK���7KH�JRDO�RI�WKH�UHSRUW�LV�WR�UHYLHZ�DQG
HYDOXDWH�UHOHYDQW�SXEOLVKHG�DQG�XQSXEOLVKHG�GDWD�DQG�PRGHOV�FXUUHQWO\�DYDLODEOH�IRU



&+$37(5�,,
(&2/2*,&$/�())(&76

����

Pollutants of Concern and Health Effects
in St. Lawrence Estuary Beluga Whales

A 9-year epidemiological study in an isolated
population of beluga whales documented higher
levels of many pollutants of concern, including
dieldrin, DDT, HCB, lead, mercury, PAHs, and
PCBs, in these whales compared to Arctic belugas
(Beland et al. 1993). The St. Lawrence whales
exhibited high prevalence of tumors; high incidence
of lesions to the digestive system, mammary glands,
and other glandular structures; some evidence of
immune system suppression; and frequent tooth
loss and gum disease.  No such lesions were
observed in Arctic belugas or in other St. Lawrence
aquatic mammals (e.g., seals).  Researchers
propose this case as a model for the potential long-
term consequences of pollutants in the environment
on human health (De Guise et al. 1995).

DQDO\]LQJ�GLR[LQ�H[SRVXUH�WR�DQG�HIIHFWV�RQ�DTXDWLF�OLIH�DQG�ZLOGOLIH���,QIRUPDWLRQ�RQ
UHODWHG�FRPSRXQGV��VXFK�DV�7&')�DQG�3&%V��LV�QRW�GLVFXVVHG�LQ�GHWDLO�LQ�WKH�LQWHULP
UHSRUW��KRZHYHU��LW�LV�H[SHFWHG�WKDW�WKH�ILQDO�UHSRUW�ZLOO�DVVHVV�WKH�FRQWULEXWLRQ�RI�WKHVH
UHODWHG�FRPSRXQGV�WR�WKH�ULVN�IRU�DTXDWLF�OLIH�DQG�ZLOGOLIH���7KH�LQWHULP�UHSRUW�ILQGLQJV
DUH�SUHVHQWHG�XQGHU�WKH�GLVFXVVLRQ�RI�7&''�LQ�WKLV�VHFWLRQ�

%DVHG�RQ�LQIRUPDWLRQ�IURP�WKH�DERYH
UHVHDUFK�RQ�HFRORJLFDO�HIIHFWV�RI�SROOXWDQWV�RI
FRQFHUQ��DV�ZHOO�DV�ILQGLQJV�IURP�UHFHQWO\
SXEOLVKHG�GDWD��D�VXPPDU\�RI�WKH�SRWHQWLDO
HFRORJLFDO�HIIHFWV�RI�WKH�SROOXWDQWV�RI�FRQFHUQ
LV�SUHVHQWHG�LQ�7DEOH�,,�����)RU�HDFK�HIIHFW
DWWULEXWDEOH�WR�D�SROOXWDQW�RI�FRQFHUQ��WKH
WDEOH�LGHQWLILHV�WKH�RUJDQLVP�W\SH�V��LQ�ZKLFK
WKH�HIIHFW�KDV�EHHQ�REVHUYHG��L�H���SODQWV�
LQYHUWHEUDWHV��ILVK��DPSKLELDQV�UHSWLOHV��ELUGV�
DQG�PDPPDOV����7DEOH�,,���SUHVHQWV�GDWD�RQ
WKH�IROORZLQJ�W\SHV�RI�HIIHFWV���GHDWK��FDQFHU�
UHSURGXFWLYH�GHYHORSPHQWDO��LPPXQRORJLFDO�
PHWDEROLF�HQ]\PH��DQG�QHXURORJLFDO�
EHKDYLRUDO�HIIHFWV��GDPDJH�WR�WKH�NLGQH\�
OLYHU��KHDUW��OXQJV�RU�JLOOV��RU�JDVWURLQWHVWLQDO
WUDFW��H[WHULRU�FKDQJHV��DQG�GHFUHDVHG�JURZWK
RU�ELRPDVV���7KH�LQIRUPDWLRQ�LQ�WKLV�WDEOH�LV
EDVHG�RQ�ERWK�ILHOG�DQG�ODERUDWRU\�VWXGLHV��
7KLV�UHSRUW�GRHV�QRW�DWWHPSW�WR�DVVHVV�KRZ�WKH�REVHUYHG�HIIHFWV�RQ�LQGLYLGXDO�DQLPDOV
FRQWULEXWHV�WR�FKDQJHV�LQ�VSHFLHV�SRSXODWLRQV�ZLWKLQ�DQ�HFRV\VWHP�RU�KRZ�WKH�ODERUDWRU\�VWXGLHV
UHODWH�WR�VWXGLHV�RI�HIIHFWV�REVHUYHG�LQ�WKH�HQYLURQPHQW���,Q�DGGLWLRQ��LQIRUPDWLRQ�RQ�WKH
H[SRVXUH�OHYHOV�UHODWHG�WR�WKHVH�HIIHFWV�LV�QRW�SURYLGHG�

)ROORZLQJ�WKH�WDEOH��UHFHQW�LQIRUPDWLRQ�RQ�WKH�HFRORJLFDO�HIIHFWV�RI�WKH�SROOXWDQWV�RI
FRQFHUQ�LV�GLVFXVVHG�E\�SROOXWDQW�JURXS���7KH�HFRORJLFDO�HIIHFWV�RI�QLWURJHQ��L�H���HXWURSKLFDWLRQ
DQG�LWV�FRQVHTXHQFHV��DOVR�DUH�GLVFXVVHG�LQ�WKLV�VHFWLRQ�

0(5&85<�$1'�&203281'6

7KH�GDWD�SUHVHQWHG�LQ�7DEOH�,,���VXPPDUL]H�WKH�SRWHQWLDO�HIIHFWV�RI�PHUFXU\�H[SRVXUH�RQ
SODQWV��LQYHUWHEUDWHV��ILVK��ELUGV��DQG�PDPPDOV���$�EULHI�VXPPDU\�RI�VRPH�UHFHQW�UHVHDUFK
ILQGLQJV�LV�SUHVHQWHG�EHORZ�

® 7KH�HIIHFWV�RI�PHUFXU\�RQ�SODQWV�PD\�LQFOXGH�GHDWK��JURZWK�LQKLELWLRQ��OHDI�RU�URRW
GDPDJH��FKORURSK\OO�GHFOLQH��DQG�UHGXFHG�SKRWRV\QWKHVLV��*RGEROG�������/LQGTXLVW
������6FKOHJHO�HW�DO��������

® ,Q�ILVK�DQG�DTXDWLF�LQYHUWHEUDWHV��PHUFXU\�H[SRVXUH�FDQ�FDXVH�GHDWK��UHGXFHG
UHSURGXFWLYH�VXFFHVV��LPSDLUHG�JURZWK�DQG�GHYHORSPHQW��DQG�EHKDYLRUDO�DEQRUPDOLWLHV
�8�6��(3$�������
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TABLE II-8
Potential Effects of the Pollutants of Concern on Aquatic Life and Wildlife

Pollutant of Concern

Potential Ecological Effects a

Death Cancer Developmental Immunological Enzyme Behavioral
Reproductive/ Metabolic/ Neurological/

b

Cadmium and compounds I F I F B F B M I B

Chlordane I F A B M M I F A B M M I M F B M

DDT/DDE P I I B A M M F B

Dieldrin B A B

HCB P I F B I F I B

�-HCH

Lead and compounds I F A B M I F A B M F A I F B M F A B M

Lindane I I F I

Mercury and compounds I F A B M M I F A B M B P F B I F B M

PCBs P I F B M M I F B M F M F B M F B M

POM (PAHs) I F M F A M I F B M F B M F I F

TCDD (dioxins) F B M F B M M B

TCDF (furans)

Toxaphene I F A B M M I F B M A F B

 Blank areas indicate that no data were found correlating the effect with the pollutant of concern (as opposed to data found indicating noa

correlation between the effect and the pollutant of concern).
 Includes endocrine-disrupting effects.b

Key : P = Plants     I = Invertebrates     F = Fish     A = Amphibians/Reptiles     B = Birds     M = Mammals

Sources:  Arkoosh et al. 1994; Baturo et al. 1995; Constable and Orr 1994; Di Pinto et al. 1993; Doust et al. 1994; Dunier and Siwicki 1994;
Eisler 1985, 1986a, 1986b, 1987a, 1987b, 1988, 1990; Eisler and Jacknow 1985; Ferrando et al. 1995; Fitchko 1986; Geyer et al. 1993;
Government of Canada 1994; Hermsen et al. 1994; Hill and Nelson 1992; Hugget et al. 1992; Johnson et al. 1993; Lahvis 1995; Malbouisson et
al. 1994; Schulz and Liess 1995; Tidou et al. 1992; Trust et al. 1994; and U.S. EPA 1993a, 1993b, 1993c.
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TABLE II-8
Potential Effects of the Pollutants of Concern on Aquatic Life and Wildlife

(continued)

Pollutant of Concern
Potential Ecological Effects a

Kidney Liver Heart Lung/Gill Gastrointestinal External Decreased
Damage Damage Damage Damage Damage Damage Growth/Biomass

Cadmium and compounds B B I F B

Chlordane M M M M M I M

DDT/DDE P

Dieldrin B

HCB F B P I B

�-HCH

Lead and compounds F B F B F A M F B I Mb

Lindane I

Mercury and compounds B M B M I F Bb

PCBs F M B M B M F B M P I F B

POM (PAHs) M F M M F Bb

TCDDs M F M M M F M F

TCDFs

Toxaphene F B F F B I F B

 Blank areas indicate that no data were found correlating the effect with the pollutant of concern (as opposed to data found indicating no correlationa

between the effect and the pollutant of concern).
 Also causes other noncancer effects in plants, such as leaf and root damage, chlorophyll decline, and reduced photosynthesis.b

Key : P = Plants     I = Invertebrates     F = Fish     A = Amphibians/Reptiles     B = Birds     M = Mammals

Sources:  Arkoosh et al. 1994; Baturo et al. 1995; Constable and Orr 1994; Di Pinto et al. 1993; Doust et al. 1994; Dunier and Siwicki 1994; Eisler
1985, 1986a, 1986b, 1987a, 1987b, 1988, 1990; Eisler and Jacknow 1985; Ferrando et al. 1995; Fitchko 1986; Geyer et al. 1993; Government of
Canada 1994; Hermsen et al. 1994; Hill and Nelson 1992; Hugget et al. 1992; Johnson et al. 1993; Lahvis 1995; Malbouisson et al. 1994; Schulz and
Liess 1995; Tidou et al. 1992; Trust et al. 1994; and U.S. EPA 1993a, 1993b, 1993c.
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Population-level Effects of Mercury

Studies conducted on various communities
have shown mercury to:  (1) reduce species
diversity of freshwater, brackish-water, and soil
microbial communities; (2) reduce carbon fixation
in phytoplankton communities; and (3) change the
species composition of phytoplankton in an
aquatic community.  Although clear causal links
between mercury contamination and population
declines in various wildlife species have not been
established, mercury may be a contributing factor
to population declines of the endangered Florida
panther and the common loon.  Other researchers
have concluded, however, that mercury levels in
most areas are not sufficient to adversely affect
bird populations.

Sources:  Barr 1986; Ensor et al. 1992; FPIC
1989; Roelke et al. 1991.

® (IIHFWV�RI�PHUFXU\�RQ�ELUGV�PD\
LQFOXGH�GHDWK��OLYHU�DQG�NLGQH\
GDPDJH��QHXUREHKDYLRUDO�HIIHFWV�
LPSDLUHG�JURZWK�DQG�GHYHORSPHQW�
DQG�UHSURGXFWLYH�HIIHFWV��(LVOHU�����D�
0'15�������6FKHXKDPPHU������
��������5HSURGXFWLYH�HIIHFWV�DUH�WKH
SULPDU\�FRQFHUQ�IRU�DYLDQ�PHUFXU\
SRLVRQLQJ�DQG�PD\�RFFXU�DW�GLHWDU\
FRQFHQWUDWLRQV�ZHOO�EHORZ�WKRVH�WKDW
FDXVH�RYHUW�WR[LFLW\�

® ([WHQVLYH�UHVHDUFK�RQ�WKH�WR[LFLW\�RI
PHUFXU\�WR�PDPPDOV�LQGLFDWHV�WKDW
HIIHFWV�YDU\�GHSHQGLQJ�RQ�WKH�IRUP�RI
PHUFXU\�LQJHVWHG��ZLWK
PHWK\OPHUFXU\�EHLQJ�WKH�PRVW�WR[LF
IRUP���0HWK\OPHUFXU\�LQJHVWLRQ�E\
PDPPDOV�PD\�FDXVH�GHDWK�
QHXURORJLFDO�DQG�EHKDYLRUDO�HIIHFWV��DQG�GDPDJH�WR�WKH�KHDUW��OXQJ��OLYHU��NLGQH\��DQG
VWRPDFK��$76'5�����H��

27+(5�0(7$/6

&DGPLXP���$V�VKRZQ�LQ�7DEOH�,,����DGYHUVH�HIIHFWV�IURP�H[SRVXUH�WR�FDGPLXP�KDYH�EHHQ
GHPRQVWUDWHG�LQ�LQYHUWHEUDWHV��ILVK��DQG�ELUGV���5HFHQW�VWXGLHV�KDYH�IRFXVHG�RQ�WKH�WR[LFLW\�RI
FDGPLXP�WR�DTXDWLF�VSHFLHV��.UDDN�HW�DO��������:HLQVWHLQ�HW�DO��������DQG�WKH�LGHQWLILFDWLRQ�RI
SRWHQWLDO�LQGLFDWRU�VSHFLHV�IRU�FDGPLXP�H[SRVXUH��1DLPR�HW�DO����������)RU�H[DPSOH��UHVHDUFKHUV
FRQFOXGHG�WKDW�DFFXPXODWLRQ�RI�VRPH�PHWDOV�FRQWULEXWHV�WR�OHVLRQV�WR�WKH�VKHOO�RI�EOXH�FUDEV�LQ
WKH�$OEHPDUOH�3DPOLFR�(VWXDULQH�6\VWHP��KRZHYHU��WKH�UHVHDUFKHUV�GLG�QRW�REVHUYH�WKLV�UHVXOW�IRU
FDGPLXP�DQG�OHDG��:HLQVWHLQ�HW�DO��������

/HDG���0DQ\�QRQFDQFHU�HFRORJLFDO�HIIHFWV�DUH�DVVRFLDWHG�ZLWK�OHDG�H[SRVXUH��DV�VKRZQ�LQ
7DEOH�,,�����+RZHYHU��WKH�DYDLODELOLW\�RI�UHFHQW�VWXGLHV�RQ�WKH�HFRORJLFDO�HIIHFWV�RI�OHDG�LV�OLPLWHG��
5DWKHU��WKHUH�LV�D�VWURQJ�LQWHUHVW�FXUUHQWO\�IRFXVHG�RQ�WKH�QHXURORJLFDO�DQG�EHKDYLRUDO�HIIHFWV�LQ
LQIDQWV�DQG�FKLOGUHQ��VHH�6HFWLRQ�,,�'����2QH�UHFHQW�VWXG\�RI�ILVK�GHPRQVWUDWHG�WKDW�H[SRVXUH�WR
ZDWHUERUQH�OHDG�PD\�UHVXOW�LQ�PXOWLSOH�HIIHFWV�RQ�UHSURGXFWLYH�EHKDYLRU�DQG�RYHUDOO
UHSURGXFWLYH�VXFFHVV�LQ�IDWKHDG�PLQQRZV��:HEHU���������$�UHFHQW�UHYLHZ�RI�ZLOGOLIH
FRQWDPLQDWLRQ�LQ�&KHVDSHDNH�%D\�FLWHG�ROGHU�DUWLFOHV�WKDW�IRXQG�WKDW�OHDG�DGYHUVHO\�DIIHFWHG
HPEU\R�GHYHORSPHQW�DQG�QHXURORJLFDO�EHKDYLRU�LQ�WKH�JUHHQ�DQG�EXOO�IURJV��+HLQ]�HW�DO��������

&20%867,21�(0,66,216

$V�GLVFXVVHG�LQ�&KDSWHU�,��WKLV�SROOXWDQW�JURXS�LV�FRPSULVHG�RI���������WHWUDFKORURGLEHQ]R�
S�GLR[LQ��7&''��GLR[LQV�����������WHWUDFKORURGLEHQ]RIXUDQ��7&')��IXUDQV���DQG�SRO\F\FOLF�RUJDQLF
PDWWHU��320����3RO\FKORULQDWHG�ELSKHQ\OV��3&%V��DUH�DOVR�GLVFXVVHG�XQGHU�WKLV�SROOXWDQW�JURXS�
WKH\�ZHUH�KLVWRULFDOO\�SURGXFHG�IRU�XVH�LQ�HOHFWULFDO�HTXLSPHQW�DQG�K\GUDXOLF�IOXLGV�EXW�DUH�RIWHQ
QRZ�UHOHDVHG�LQWR�WKH�HQYLURQPHQW�LQ�FRPEXVWLRQ�JDV�HPLVVLRQV�ZKHQ�3&%�FRQWDLQLQJ�PDWHULDOV
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Ecological Effects of TCDD in Lake Trout
Population in Lake Ontario

Commercial over-fishing and sea lamprey
predation are thought to be the primary causes of
lake trout decline in Lake Ontario.  However,
several findings suggest that TCDD toxicity could
have contributed to the reproductive failure of
stocked lake trout in Lake Ontario in the post-
1950s:  (1) the strong association between the
occurrence of blue-sac disease (a stress
syndrome) in sac-fry from TCDD-exposed fish in
laboratory studies and from eggs collected from
Lake Ontario; (2) the historical record of lake trout
exposure to TCDD and related chemicals in Lake
Ontario; and (3) the consistency of predicted
toxicity with the field sampling record of no natural
reproduction until 1986.  Attainment of a self-
sustaining population of lake trout in Lake Ontario
requires exposures to TCDD and related
chemicals below the level that causes significant
reproductive impairment, in addition to sea
lamprey control, maintenance of adequate
spawning beds and water quality, and introduction
of lake trout strains appropriate for Lake Ontario's
conditions and food web.

Source:  U.S. EPA 1993a.

DUH�LQFRPSOHWHO\�EXUQHG���7KH�SRWHQWLDO�HFRORJLFDO�HIIHFWV�DVVRFLDWHG�ZLWK�WKHVH�SROOXWDQWV�DUH
GLVFXVVHG�EHORZ�

7&''���$V�VKRZQ�LQ�7DEOH�,,���
GLR[LQV�DUH�DVVRFLDWHG�ZLWK�HIIHFWV�LQ�ILVK�
ELUGV��DQG�PDPPDOV��LQFOXGLQJ�UHSURGXFWLYH
HIIHFWV�DQG�RWKHU�QRQFDQFHU�HIIHFWV���(3$
V
DVVHVVPHQW�RI�HFRORJLFDO�HIIHFWV�LQ�DTXDWLF�OLIH
DQG�DVVRFLDWHG�ZLOGOLIH�GLVFXVVHV�WKH�HIIHFWV
RI�7&''�LQ�GHWDLO��8�6��(3$�����D����$�EULHI
VXPPDU\�RI�VRPH�RI�WKH�ILQGLQJV�LV
SUHVHQWHG�EHORZ��SOHDVH�UHIHU�WR�WKLV
GRFXPHQW�IRU�WKH�SULPDU\�UHIHUHQFHV�IRU
WKHVH�VWXGLHV�

® $YDLODEOH�ODERUDWRU\�WR[LFLW\
LQIRUPDWLRQ�LQGLFDWHV�WKDW�DTXDWLF
LQYHUWHEUDWHV��SODQWV��DQG�DPSKLELDQV
PD\�EH�VXEVWDQWLDOO\�OHVV�VHQVLWLYH�WR
7&''�WKDQ�ILVK���7KH�UHSRUW
HPSKDVL]HG�WKDW�WKH�GDWD�DUH�OLPLWHG�

® 7KH�GDWD�LQGLFDWH�WKDW�\RXQJ�ILVK�PD\
EH�PRUH�VHQVLWLYH�WR�7&''�WKDQ�ROGHU
ILVK���)LVK�IU\�ZHUH�PRVW�VHQVLWLYH�WR
HIIHFWV�IURP�7&''�IROORZLQJ
H[SRVXUH�RI�HJJV�EHIRUH�RU�VKRUWO\
DIWHU�IHUWLOL]DWLRQ�

® ,Q�PDPPDOV�DQG�ELUGV��WKH�SULPDU\�HIIHFW�RI�FRQFHUQ�LV�UHSURGXFWLYH�LPSDLUPHQW���,Q
DGGLWLRQ��EHFDXVH�RI�WKH�ELRDFFXPXODWLRQ�RI�7&''�LQ�DTXDWLF�IRRG�ZHEV��WKH�VSHFLHV�PRVW
H[SRVHG�WR�7&''�DUH�WKRVH�VSHFLHV�ZKRVH�GLHW�FRQVLVWV�PRVWO\�RI�ILVK�

2QH�RI�WKH�PDLQ�LVVXHV�RI�FXUUHQW�LQWHUHVW�LV�WKH�PHFKDQLVP�RI�DFWLRQ�RI�GLR[LQV��L�H���KRZ
WKH\�EULQJ�DERXW�WKH�HIIHFWV����7KH�XQXVXDO�SRWHQF\�RI�GLR[LQV�LQ�HOLFLWLQJ�WR[LF�HIIHFWV�VXJJHVWHG
WR�UHVHDUFKHUV�WKDW�D�GLR[LQ�UHFHSWRU�H[LVWHG���%DVHG�RQ�D�VXEVWDQWLDO�DPRXQW�RI�ELRORJLFDO�DQG
JHQHWLF�HYLGHQFH��DQ�LQWUDFHOOXODU�SURWHLQ�FDOOHG�WKH�DU\O�K\GURFDUERQ�UHFHSWRU��$K�UHFHSWRU��LV
EHOLHYHG�WR�PHGLDWH�ELRORJLFDO�UHVSRQVHV�WR�7&''�DQG�UHODWHG�FRPSRXQGV���)LJXUH�,,���SUHVHQWV�D
VLPSOLILHG�GLDJUDP�RI�KRZ�ELRORJLFDO�UHVSRQVHV�WR�GLR[LQ�OLNH�FRPSRXQGV�DUH�PHGLDWHG�E\�WKH
$K�UHFHSWRU���$OWKRXJK�RXU�XQGHUVWDQGLQJ�RI�WKH�$K�UHFHSWRU�LV�OLPLWHG��PDPPDOV��LQFOXGLQJ
KXPDQV���ELUGV��DQG�ILVK�DOO�KDYH�H[KLELWHG�GHWHFWDEOH�FRQFHQWUDWLRQV�RI�WKH�$K�UHFHSWRU�LQ�D
QXPEHU�RI�GLIIHUHQW�WLVVXHV���,Q�ODERUDWRU\�PDPPDO�VWXGLHV��ELQGLQJ�RI�GLR[LQV�WR�WKH�$K�UHFHSWRU
KDV�EHHQ�DVVRFLDWHG�ZLWK�ZHLJKW�ORVV��HGHPD��OLYHU�GDPDJH��SURPRWLRQ�RI�WXPRUV��DQG�DGYHUVH
HIIHFWV�RQ�WKH�LPPXQH�DQG�UHSURGXFWLYH�V\VWHPV��)R[���������5HVHDUFKHUV�EHOLHYH�WKDW�UHVSRQVHV
WR�7&''�DUH�OLNHO\�WR�YDU\�ZLWKLQ�DQG�EHWZHHQ�VSHFLHV��DV�ZHOO�DV�EHWZHHQ�WLVVXHV�LQ�LQGLYLGXDO
VSHFLHV��EDVHG�RQ�GLIIHUHQWLDO�UHVSRQVHV�WR�$K�UHFHSWRU�ELQGLQJ���6HYHUDO�SURWHLQV�DUH�EHOLHYHG�WR
FRQWULEXWH�WR�7&''
V�JHQH�UHJXODWRU\�HIIHFWV��WKH�UHVSRQVH�WR�7&''�SUREDEO\�LQYROYHV�D�FRPSOH[
UHODWLRQVKLS�EHWZHHQ�PXOWLSOH�JHQHWLF�DQG�HQYLURQPHQWDO�IDFWRUV�
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FIGURE II-2
Role of Ah Receptor in Biological
Responses to Dioxin Exposure

Dioxin Exposure 
�

Free Dioxin in Tissues
�
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�
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�
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�
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�
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�
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�
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Source:  Adapted from EPA 1994c.

5HFHQW�VWXGLHV�RI�GLR[LQV�DQG�IXUDQV
WKDW�ZHUH�IRXQG�WKURXJK�WKH�OLWHUDWXUH
VHDUFK�FRQGXFWHG�IRU�WKLV�5HSRUW�WR
&RQJUHVV�GHPRQVWUDWHG�UHSURGXFWLYH�HIIHFWV
�H�J���HPEU\R�DQRPDOLHV��GHFUHDVHG�KDWFKLQJ
VXFFHVV��LQ�QHVWLQJ�ZRRG�GXFNV�LQ�DQ
$UNDQVDV�ED\RX��:KLWH�DQG�+RIIPDQ������
DQG�SRWHQWLDO�QHXURWR[LF�HIIHFWV�LQ�JUHDW
EOXH�KHURQ�KDWFKOLQJV��DV�LQGLFDWHG�E\
DV\PPHWULFDO�EUDLQ�GHYHORSPHQW��+HQVFKHO
HW�DO��������

3&%V���$V�VKRZQ�LQ�7DEOH�,,����3&%V
DUH�DVVRFLDWHG�ZLWK�DGYHUVH�HIIHFWV�LQ�SODQWV�
LQYHUWHEUDWHV��ILVK��ELUGV��DQG�PDPPDOV��
7KHVH�HIIHFWV�LQFOXGH�UHSURGXFWLYH�
GHYHORSPHQWDO��PHWDEROLF�HQ]\PH��DQG
QHXURORJLFDO�EHKDYLRUDO�HIIHFWV���7KH�VSHFLILF
HIIHFWV�DQG�WKH�OHYHOV�DW�ZKLFK�WKHVH�HIIHFWV
DUH�VHHQ�PD\�YDU\�DPRQJ�WKH�GLIIHUHQW�3&%
FRQJHQHUV�DQG�PL[WXUHV���5HFHQW�DUWLFOHV�RQ
WKH�HFRORJLFDO�HIIHFWV�RI�3&%�H[SRVXUH�DUH
VXPPDUL]HG�EHORZ���7KHVH�VWXGLHV�IRFXVHG
RQ�UHSURGXFWLYH�HIIHFWV�LQ�LQYHUWHEUDWHV��ILVK�
ELUGV��DQG�PDPPDOV��LPPXQH�HIIHFWV�LQ�ILVK
DQG�DTXDWLF�PDPPDOV��DQG�RWKHU�HIIHFWV�LQ
SODQWV�DQG�ILVK�

® 5HSURGXFWLYH�DQG�'HYHORSPHQWDO
(IIHFWV���$�JURXS�RI�UHODWHG�VWXGLHV�LQYHVWLJDWHG�WKH�UHSURGXFWLYH�HIIHFWV�RI�FRPPHUFLDO
3&%�DQG�FRPELQDWLRQV�RI�3&%�FRQJHQHUV�LQ�PLQN���7ZR�RI�WKHVH�VWXGLHV�IRXQG�WKDW
FRPPHUFLDO�3&%V�DQG�FRPELQDWLRQV�RI�3&%�FRQJHQHUV�DGYHUVHO\�DIIHFWHG�UHSURGXFWLRQ�
EXW�WKDW�H[SRVXUH�WR�VLQJOH�3&%�FRQJHQHUV�GLG�QRW�SURGXFH�WKHVH�VDPH�HIIHFWV��%lFNOLQ
DQG�%HUJPDQ�������.LKOVWU|P�HW�DO����������2QH�RI�WKHVH�VWXGLHV�VKRZHG�D�GLIIHUHQFH�LQ
DGYHUVH�UHSURGXFWLYH�HIIHFWV��H�J���ODWH�IHWDO�GHDWK�YHUVXV�HDUO\�IHWDO�GHDWK��EHWZHHQ�WZR
GLIIHUHQW�FRPPHUFLDO�3&%V��&ORSKHQ�$���DQG�$URFORU�������%lFNOLQ�DQG�%HUJPDQ��������
,Q�DQRWKHU�VWXG\��3&%V�ZHUH�IRXQG�WR�UHGXFH�HJJ�SURGXFWLRQ�DQG�WRWDO�UHSURGXFWLYH
FDSDFLW\�LQ�D�VPDOO�FUXVWDFHDQ�VSHFLHV�XQGHU�ODERUDWRU\�FRQGLWLRQV��'L3LQWR�HW�DO����������$
VWXG\�WKDW�LQYHVWLJDWHG�WKH�GHYHORSPHQWDO�WR[LFLW\�RI�3&%�FRQJHQHUV�LQ�PLQQRZV
GHWHUPLQHG�WKDW�VHYHUDO�FRQJHQHUV�FDXVHG�VHYHUH�WHUDWRJHQLF�HIIHFWV��H�J���LQKLELWLRQ�RI
\RON�DEVRUSWLRQ��DQG�HDUO\�KDWFKLQJ��6LOEHUKRUQ�HW�DO����������5HFHQW�VWXGLHV�RI�*UHDW
/DNHV�ELUG�SRSXODWLRQV��H�J���FRPPRQ�WHUQV��SURYLGHG�IXUWKHU�HYLGHQFH�RI�WKH
GHYHORSPHQWDO�SUREOHPV�OLQNHG�WR�3&%V�GXULQJ�WKH�����V��%HFNHU�HW�DO��������+RIIPDQ�HW
DO��������<DPDVKLWD�HW�DO����������$�OLWHUDWXUH�UHYLHZ�RI�ZLOGOLIH�FRQWDPLQDWLRQ�LQ
&KHVDSHDNH�%D\�FLWHG�KLVWRULFDO�HYLGHQFH�RI�HOHYDWHG�SRVW�KDWFK�PRUWDOLW\�LQ�WKH�OHRSDUG
IURJ�DQG�LQ�XQVSHFLILHG�WRDG�VSHFLHV�UHODWHG�WR�3&%�H[SRVXUH��+HLQ]�HW�DO��������
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® ,PPXQH�6\VWHP�(IIHFWV���,Q�D�UHFHQW�VWXG\��SURGXFWLRQ�RI�DQWLERGLHV�ZDV�VXSSUHVVHG�LQ
MXYHQLOH�FKLQRRN�VDOPRQ�H[SRVHG�WR�WKH�FRPPHUFLDO�3&%�PL[WXUH��$URFORU�������$UNRRVK
HW�DO����������,Q�DQRWKHU�VWXG\��GHOD\HG�LPPXQH�V\VWHP�UHVSRQVHV�LQ�KDUERU�VHDOV�IHG
KHUULQJ�IURP�WKH�%DOWLF�6HD�ZHUH�DVVRFLDWHG�ZLWK�3&%�H[SRVXUH��5RVV�HW�DO����������,Q�D
VWXG\�RI�GROSKLQV��GHFUHDVHG�LPPXQH�V\VWHP�UHVSRQVH�ZDV�DVVRFLDWHG�ZLWK�HOHYDWHG
OHYHOV�RI�''7�DQG�3&%V�LQ�WKHLU�EORRG��/DKYLV�HW�DO��������

® 2WKHU�1RQFDQFHU�(IIHFWV���5HVHDUFKHUV�KDYH�FRUUHODWHG�GHWULPHQWDO�HIIHFWV�RQ�WKH�TXDOLW\
DQG�TXDQWLW\�RI�JURZWK��DV�ZHOO�DV�LQFUHDVHG�PRUWDOLW\��LQ�DTXDWLF�SODQWV�ZLWK
FRQFHQWUDWLRQV�RI�3&%V��'RXVW�HW�DO����������2QH�VWXG\�RI�ZLQWHU�IORXQGHU�GLG�QRW�ILQG�D
VWURQJ�DVVRFLDWLRQ�EHWZHHQ�H[SRVXUH�WR�3&%V�DQG�WKH�GHYHORSPHQW�RI�SDUWLFXODU�OLYHU
OHVLRQV��-RKQVRQ�HW�DO����������6RPH�UHFHQW�VWXGLHV�KDYH�VKRZQ�WKDW�HIIHFWV�IURP�3&%
H[SRVXUH�PD\�EH�DPSOLILHG�LQ�WKH�SUHVHQFH�RI�RWKHU�FKHPLFDOV���)RU�H[DPSOH��D�VWXG\�LQ
TXDLO�IRXQG�WKDW�KLJK�OHYHOV�RI�FDGPLXP�FDQ�DPSOLI\�ERWK�WKH�TXDQWLWDWLYH�DQG�TXDOLWDWLYH
UHWHQWLRQ�RI�3&%�FRQJHQHUV�LQ�PXVFOH�WLVVXH��HVSHFLDOO\�VRPH�RI�WKH�FRQJHQHUV�WKDW�DUH
PRVW�WR[LF�DQG�UHVLVWDQW�WR�PHWDEROLF�GHJUDGDWLRQ��/HRQ]LR�HW�DO��������

320���7KH�GDWD�LQ�7DEOH�,,���LQGLFDWH�WKDW�320�LV�DVVRFLDWHG�ZLWK�D�UDQJH�RI�DGYHUVH
HIIHFWV�WR�DTXDWLF�DQG�WHUUHVWULDO�ZLOGOLIH���6WXGLHV�RQ�WKH�DGYHUVH�HFRORJLFDO�HIIHFWV�IURP�H[SRVXUH
WR�3$+V��D�VXEVHW�RI�320��WKDW�KDYH�EHHQ�FRPSOHWHG�LQ�WKH�ODVW�IHZ�\HDUV�DUH�VXPPDUL]HG
EHORZ���7KHVH�VWXGLHV�H[DPLQHG�LPPXQH�HIIHFWV�LQ�ILVK�DQG�ELUGV�DV�ZHOO�DV�YDULRXV�RWKHU�HIIHFWV
LQ�DOJDH��DTXDWLF�LQYHUWHEUDWHV��ILVK��DQG�ELUGV�

® ,PPXQH�6\VWHP�(IIHFWV���,Q�D�UHFHQW�VWXG\��SURGXFWLRQ�RI�DQWLERGLHV�ZDV�VXSSUHVVHG�LQ
MXYHQLOH�FKLQRRN�VDOPRQ�H[SRVHG�WR�3$+V��$UNRRVK�HW�DO����������$QRWKHU�VWXG\�IRXQG
WKDW�3$+�H[SRVXUH�VXSSUHVVHG�WKH�LPPXQH�V\VWHP�LQ�ERWK�DGXOW�DQG�\RXQJ�VWDUOLQJV�
DOWKRXJK�RQO\�\RXQJ�VWDUOLQJ�VKRZHG�RYHUW�VLJQV�RI�JHQHUDO�WR[LFLW\��H�J���GHFUHDVHG�ERG\
ZHLJKW�DQG�EORRG�KHPRJORELQ�FRQFHQWUDWLRQ���7UXVW�HW�DO����������$�VWXG\�RI�HIIHFWV�RQ�ILVK
IURP�3$+�H[SRVXUH�IRXQG�WKDW�PDFURSKDJH�DFWLYLW\��DQ�LPSRUWDQW�FRPSRQHQW�RI�WKH
FHOOXODU�LPPXQH�V\VWHP��L�H���SURWHFWV�WKH�KRVW�E\�HOLPLQDWLQJ�IRUHLJQ�PDWHULDO���ZDV
PDUNHGO\�UHGXFHG��+XJJHWW�HW�DO����������7KH�VWXG\�UHVXOWV�VXJJHVWHG�WKDW�WKHVH�HIIHFWV
PD\�EH�UHYHUVLEOH�

® 2WKHU�1RQFDQFHU�(IIHFWV���5HFHQW�UHVHDUFK�KDV�LQYHVWLJDWHG�WKH�LQFUHDVHG�WR[LFLW\�RI�3$+V
IROORZLQJ�H[SRVXUH�RI�WKH�SROOXWDQWV�WR�VRODU�UDGLDWLRQ���2QH�VWXG\�WKDW�LQYHVWLJDWHG�WKH
SKRWR�LQGXFHG�WR[LFLW\�RI�DQWKUDFHQH��D�3$+�FRPSRXQG��WR�D�VSHFLHV�RI�JUHHQ�DOJDH
VKRZHG�WKDW�WKH�FRPELQDWLRQ�RI�XOWUDYLROHW��89�$��UDGLDWLRQ�DQG�DQWKUDFHQH�SURGXFHG
VLJQLILFDQW�WR[LF�HIIHFWV���7KH�VWXG\�DOVR�FRQFOXGHG�WKDW�DOJDH�PD\�EH�VOLJKWO\�PRUH
UHVLVWDQW�WR�SKRWR�LQGXFHG�WR[LFLW\�WKDQ�ILVKHV�DQG�LQYHUWHEUDWHV��*DOD�DQG�*LHV\��������
7ZR�UHFHQW�VWXGLHV�RQ�ILVK�VXJJHVW�D�VWURQJ�DVVRFLDWLRQ�EHWZHHQ�H[SRVXUH�WR�3$+V�DQG
WKH�GHYHORSPHQW�RI�LQWHUQDO�OHVLRQV��FRPPRQO\�IRXQG�LQ�WKH�OLYHU�DQG�NLGQH\��DV�ZHOO�DV
H[WHUQDO�OHVLRQV��VXFK�DV�OHQV�FDWDUDFWV��+XJJHWW�HW�DO��������-RKQVRQ�HW�DO����������2QH�RI
WKHVH�VWXGLHV�IRXQG�D�VWURQJ�FRUUHODWLRQ�EHWZHHQ�VHGLPHQW�3$+�FRQFHQWUDWLRQ�DQG
VWLPXODWLRQ�RI�HQ]\PH�DFWLYLW\��ZKLFK�VXJJHVWV�WKDW�WKH�3$+V�DUH�D�PDLQ�FRPSRQHQW�RI
WKH�DGYHUVH�HIIHFWV�REVHUYHG�LQ�WKH�ILVK��+XJJHWW�HW�DO����������,Q�DQRWKHU�VWXG\��GUDPDWLF
GHFOLQHV�LQ�3$+�FRQFHQWUDWLRQV�LQ�VHGLPHQW�IROORZLQJ�WKH�FORVXUH�RI�D�VWHHO�IDFLOLW\�ZHUH
IROORZHG�E\�D�GHFUHDVHG�LQFLGHQFH�RI�OLYHU�FDQFHU�DQG�OLYHU�OHVLRQV�LQ�EURZQ�EXOOKHDG
FDWILVK��%DXPDQQ�DQG�+DUVKEDUJHU���������$�VWXG\�RI�DTXDWLF�LQVHFW�ODUYDH�IURP�D
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FRQWDPLQDWHG�DUHD�RI�WKH�1LDJDUD�5LYHU�IRXQG�WKDW�KLJKHU�ERG\�EXUGHQV�RI�3$+V�ZHUH
DVVRFLDWHG�ZLWK�PHQWD���WHHWK���GHIRUPLWLHV���7KH�UHVHDUFKHUV�GHWHUPLQHG�WKDW�WKH
GHIRUPLWLHV�ZHUH�QRW�SDVVHG�RQ�WR�IXWXUH�JHQHUDWLRQV��L�H���WKDW�3$+V�FDXVHG
PDOIRUPDWLRQV�EXW�GLG�QRW�SHUPDQHQWO\�DOWHU�JHQHV�RU�FKURPRVRPHV���'LFNPDQ�HW�DO�
������

3(67,&,'(6

,QIRUPDWLRQ�RQ�WKH�DGYHUVH�HIIHFWV�RI�WKH�SHVWLFLGHV�RI�FRQFHUQ�LQ�WKH�*UHDW�:DWHUV
�FKORUGDQH��GLHOGULQ����+&+��''7�''(��+&%��OLQGDQH��DQG�WR[DSKHQH��LV�VXPPDUL]HG�LQ�7DEOH
,,�����7KHVH�GDWD�VXJJHVW�WKDW�WKH�SHVWLFLGHV�RI�FRQFHUQ�PD\�SURGXFH�D�ZLGH�UDQJH�RI�DGYHUVH
HIIHFWV�LQ�WHUUHVWULDO�DQG�DTXDWLF�ZLOGOLIH�RI�WKH�*UHDW�:DWHUV���5HFHQW�OLWHUDWXUH�RQ�WKH�HFRORJLFDO
HIIHFWV�RI�SHVWLFLGHV�ZDV�DYDLODEOH�PDLQO\�IRU�''7�''(��+&%��DQG�OLQGDQH��WKLV�LQIRUPDWLRQ�
H[FHSW�IRU�LQIRUPDWLRQ�RQ�WKH�SRWHQWLDO�IRU�HQGRFULQH�GLVUXSWLQJ�HIIHFWV��ZKLFK�ZDV�GLVFXVVHG
HDUOLHU�LQ�WKLV�VHFWLRQ���LV�VXPPDUL]HG�EHORZ�

''7���0XFK�RI�WKH�UHFHQW�OLWHUDWXUH�RQ�WKH�HFRORJLFDO�HIIHFWV�RI�''7��DQG�''(��IRFXVHV
RQ�UHSURGXFWLYH�LPSDLUPHQW�LQ�ELUGV���2WKHU�VWXGLHV�GHPRQVWUDWH�HIIHFWV�WR�WKH�LPPXQH�V\VWHPV
RI�PDPPDOV�DQG�LPSDLUHG�JURZWK�DQG�VXUYLYDO�RI�DTXDWLF�SODQWV�IROORZLQJ�''7�H[SRVXUH�

® 5HSURGXFWLYH�DQG�'HYHORSPHQWDO�(IIHFWV���5HFHQW�VWXGLHV�RQ�QDWXUDO�ELUG�FRORQLHV�LQ�WKH�*UHDW
/DNHV�LQGLFDWH�D�GHFUHDVHG�UROH�RI�''7�''(�LQ�WKH�UHSURGXFWLYH�VXFFHVV�RI�WKHVH
SRSXODWLRQV��:HVHORK�HW�DO��������:HVHORK�DQG�(ZLQV�������%RZHUPDQ�HW�DO����������2QH
RI�WKHVH�VWXGLHV�GHWHUPLQHG�WKDW�IRU�KHUULQJ�JXOO�FRORQLHV�LQ�/DNH�6XSHULRU��HJJVKHOOV
ZHUH�RQO\�HLJKW�SHUFHQW�WKLQQHU�WKDQ�EHIRUH�WKH�LQWURGXFWLRQ�RI�''7��:HVHORK�HW�DO�
��������,Q�WKLV�VWXG\��UHSURGXFWLYH�IDLOXUH�ZDV�DWWULEXWHG�WR�FDXVHV�RWKHU�WKDQ�WR[LF
FRQWDPLQDWLRQ��H�J���SUHGDWLRQ�DQG�VKRUWDJH�RI�IRRG�VXSSO\����6LPLODUO\��DQRWKHU�VWXG\
DWWULEXWHG�LQFUHDVLQJ�SRSXODWLRQV�RI�GRXEOH�FUHVWHG�FRUPRUDQWV�LQ�/DNH�2QWDULR�WR
UHGXFHG�OHYHOV�RI�FRQWDPLQDQWV��HVSHFLDOO\�''7�''(��DQG�LQFUHDVHG�DYDLODELOLW\�RI�IRUDJH
ILVK��:HVHORK�DQG�(ZLQV���������$�VWXG\�LQYHVWLJDWLQJ�WKH�FRPELQHG�HIIHFWV�RI�''(�DQG
GHFUHDVHG�IRRG�LQWDNH�RQ�UHSURGXFWLRQ�LQ�ULQJHG�WXUWOH�GRYHV�IRXQG�WKDW�WKH�ORZHU�WKH
SHUFHQWDJH�RI�QRUPDO�IRRG�LQWDNH��WKH�JUHDWHU�WKH�HIIHFWV�RI�''(�H[SRVXUH�RQ�EUHHGLQJ
VXFFHVV���''(�UHVWULFWHG�EUHHGLQJ�VXFFHVV�DSSDUHQWO\�E\�OLPLWLQJ�OHYHOV�RI�KRUPRQHV
QHFHVVDU\�WR�GHYHORS�DQG�PDLQWDLQ�DFWLYH�JRQDGV��DGHTXDWH�FRXUWVKLS�DQG�EURRGLQJ
EHKDYLRU��DQG�IXQFWLRQDO�FURS�JODQGV��.HLWK�DQG�0LWFKHOO���������$�VWXG\�RI�IUHVKZDWHU
SRQG�VQDLOV��ZKLFK�DUH�DQ�LPSRUWDQW�FRPSRQHQW�RI�LQYHUWHEUDWH�IDXQD�LQ�PRVW�HXWURSKLF
DQG�PHVRWURSKLF�ODNHV��IRXQG�WKDW�''7�H[SRVXUH�UHGXFHG�WKHLU�UHSURGXFWLYH�RXWSXW
�:RLQ�DQG�%U|QPDUN�������

® ,PPXQH�6\VWHP�(IIHFWV���,Q�D�VWXG\�RI�GROSKLQV��GHFUHDVHG�LPPXQH�V\VWHP�UHVSRQVH�ZDV
DVVRFLDWHG�ZLWK�HOHYDWHG�OHYHOV�RI�''7�DQG�3&%V�LQ�WKHLU�EORRG��/DKYLV�HW�DO��������

® 2WKHU�1RQFDQFHU�(IIHFWV���,Q�RQH�VWXG\�LQ�DTXDWLF�SODQWV��H[SRVXUH�WR�''(�FDXVHG�PRUWDOLW\
DQG�KDG�GHWULPHQWDO�HIIHFWV�RQ�WKH�TXDOLW\�DQG�TXDQWLW\�RI�JURZWK��'RXVW�HW�DO��������

+H[DFKORUREHQ]HQH���5HFHQW�VWXGLHV�RQ�HFRORJLFDO�HIIHFWV�IURP�+&%�H[SRVXUH
GHPRQVWUDWH�UHSURGXFWLYH�DQG�QHXURORJLFDO�HIIHFWV�LQ�DTXDWLF�SODQWV�DQG�DQLPDOV���,PSDLUHG
JURZWK�DQG�VXUYLYDO�RI�DTXDWLF�VSHFLHV�DQG�OLYHU�GDPDJH�LQ�ILVK�DQG�ELUGV�KDYH�DOVR�EHHQ�VKRZQ�
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® 5HSURGXFWLYH�DQG�'HYHORSPHQWDO�(IIHFWV���5HSURGXFWLYH�HIIHFWV�IURP�+&%�H[SRVXUH
GRFXPHQWHG�LQ�UHFHQW�OLWHUDWXUH�LQFOXGH�UHGXFHG�UHSURGXFWLRQ�LQ�SURWR]RD�DQG�IDWKHDG
PLQQRZV�DQG�UHGXFHG�IHUWLOLW\�LQ�ZDWHUIOHD�FUXVWDFHDQV��&RQVWDEOH�DQG�2UU������
*RYHUQPHQW�RI�&DQDGD�������

® 1HXURORJLFDO�%HKDYLRUDO�(IIHFWV���,Q�IUHVKZDWHU�VQDLOV��H[SRVXUH�WR�+&%�LQKLELWHG�ERG\
JURZWK��DOWHUHG�PHWDEROLF�DFWLYLW\��DQG�VWLPXODWHG�HJJ�SURGXFWLRQ��ZKLFK�UHVHDUFKHUV
DWWULEXWHG�WR�QHXURWR[LF�HIIHFWV��%DWXUR�HW�DO����������.HVWUHOV��D�VPDOO�IDOFRQ�VSHFLHV��KDYH
VKRZQ�UXIIOLQJ�RI�IHDWKHUV�DQG�WUHPRUV�IROORZLQJ�H[SRVXUH�WR�+&%��*RYHUQPHQW�RI
&DQDGD�������

® 2WKHU�1RQFDQFHU�(IIHFWV���,Q�DTXDWLF�VSHFLHV��+&%�ZDV�OHWKDO�WR�VRPH�PDULQH�LQYHUWHEUDWHV
DQG�VLJQLILFDQWO\�UHGXFHG�WKH�VXUYLYDO�UDWHV�RI�IUHVKZDWHU�FDGGLVIO\�ODUYDH�DQG�IDWKHDG
PLQQRZV��&RQVWDEOH�DQG�2UU�������*RYHUQPHQW�RI�&DQDGD�������6FKXO]�DQG�/LHVV��������
,Q�DQRWKHU�VWXG\��H[SRVXUH�WR�+&%�FDXVHG�PRUWDOLW\�DQG�KDG�GHWULPHQWDO�HIIHFWV�RQ�WKH
TXDOLW\�DQG�TXDQWLW\�RI�JURZWK�LQ�DTXDWLF�SODQWV��'RXVW�HW�DO����������2QH�UHSRUW
GRFXPHQWHG�WKH�IROORZLQJ�RWKHU�HIIHFWV�LQ�DTXDWLF�VSHFLHV�UHODWHG�WR�+&%�H[SRVXUH��
UHGXFHG�SURGXFWLRQ�RI�FKORURSK\OO��GU\�PDWWHU��FDUERK\GUDWH�DQG�QLWURJHQ�LQ�VRPH�DOJDH�
GHFUHDVHG�JURZWK�RI�DOJDH�DQG�SURWR]RD��GLJHVWLYH�JODQG�GDPDJH�LQ�FUD\ILVK��DQG�OLYHU
QHFURVLV�LQ�ODUJHPRXWK�EDVV��*RYHUQPHQW�RI�&DQDGD���������,Q�ELUGV��+&%�H[SRVXUH
LQGXFHG�SRUSK\ULD��D�JURXS�RI�GLVRUGHUV�UHODWHG�WR�DOWHUHG�PHWDEROLVP�RI�EUHDNGRZQ
SURGXFWV�RI�KHPRJORELQ�NQRZQ�DV�SRUSK\ULQV���LQFUHDVHG�OLYHU�ZHLJKW��DQG�VOLJKWO\
GDPDJHG�OLYHUV�LQ�-DSDQHVH�TXDLO�DQG�SURGXFHG�VLJQLILFDQW�ZHLJKW�ORVV��LQFUHDVHG�OLYHU
ZHLJKW��DQG�GHFUHDVHG�KHDUW�UDWH�LQ�NHVWUHOV��*RYHUQPHQW�RI�&DQDGD�������

/LQGDQH���5HFHQW�VWXGLHV�VKRZ�HIIHFWV�LQ�DTXDWLF�VSHFLHV�IROORZLQJ�H[SRVXUH�WR�OLQGDQH�
LQFOXGLQJ�UHSURGXFWLYH�HIIHFWV�LQ�DTXDWLF�LQYHUWHEUDWHV��LPPXQH�HIIHFWV�LQ�ILVK��DQG�EHKDYLRUDO
HIIHFWV�LQ�DTXDWLF�LQYHUWHEUDWHV�

® 5HSURGXFWLYH�DQG�'HYHORSPHQWDO�(IIHFWV���2QH�VWXG\�GRFXPHQWHG�UHGXFHG�UHSURGXFWLRQ�LQ
ZDWHUIOHD�FUXVWDFHDQV�IURP�OLQGDQH�H[SRVXUH��)HUUDQGR�HW�DO��������

® ,PPXQH�6\VWHP�(IIHFWV���/DERUDWRU\�H[SHULPHQWV�RQ�UDLQERZ�WURXW�IRXQG�WKDW�DQWLERG\
SURGXFWLRQ�ZDV�VLJQLILFDQWO\�VXSSUHVVHG�IURP�OLQGDQH�H[SRVXUH�DW�GRVHV�FRPSDUDEOH�WR
WKRVH�IRXQG�LQ�ILVK�LQ�SROOXWHG�IUHVK�ZDWHUV��DQG�WKDW�DV�WKH�GRVH�LQFUHDVHG�WKH�PRUH�WKH
LPPXQH�V\VWHP�ZDV�VXSSUHVVHG��'XQLHU�DQG�6LZLFNL�������'XQLHU�HW�DO��������

® 1HXURORJLFDO�%HKDYLRUDO�(IIHFWV���$V�D�UHVXOW�RI�EULHI�H[SRVXUHV�WR�KLJK�FRQFHQWUDWLRQV�RI
OLQGDQH��WKH�PDWLQJ�EHKDYLRU�RI�IUHVKZDWHU�FUXVWDFHDQV�ZDV�GLVUXSWHG��0DOERXLVVRQ�HW�DO�
��������,Q�DQRWKHU�VWXG\��WKH�FRPPRQ�PXVVHO��0\WLOXV�HGXOLV��VKRZHG�ORZHU�UDWHV�RI
IHHGLQJ�W\SH�EHKDYLRU�DIWHU�H[SRVXUH�WR�OLQGDQH�FRQWDPLQDWHG�VHGLPHQWV��+HUPVHQ�HW�DO�
��������$OVR��DQ�DQQHOLG�ZRUP�H[SRVHG�WR�OLQGDQH�LQ�VHDZDWHU�H[KLELWHG�GHOD\V�LQ
VHWWOHPHQW�DQG�PHWDPRUSKRVLV��WKLV�VSHFLHV�LV�RWKHUZLVH�NQRZQ�WR�EH�D�FRORQL]HU�RI
GLVWXUEHG�RU�SROOXWHG�DUHDV��+LOO�DQG�1HOVRQ�������
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® 2WKHU�1RQFDQFHU�(IIHFWV���,Q�WZR�GLIIHUHQW�VWXGLHV��VXUYLYDO�RI�D�ZDWHUIOHD�FUXVWDFHDQ�VSHFLHV
ZDV�LQKLELWHG�E\�OLQGDQH�H[SRVXUH��)HUUDQGR�HW�DO��������7LGRX�HW�DO���������LQ�RQH�RI�WKHVH
VWXGLHV��OLQGDQH�DOVR�VLJQLILFDQWO\�UHSUHVVHG�JURZWK�LQ�WKH�ZDWHUIOHD�FUXVWDFHDQV
�)HUUDQGR�HW�DO����������,Q�VWXGLHV�FRPSDULQJ�GDWD�IRU�VHYHUDO�VSHFLHV�RI�ILVK��DFXWH�WR[LFLW\
RI�OLQGDQH�GHFUHDVHG�ZLWK�LQFUHDVLQJ�WRWDO�ERG\�IDW�LQ�ILVK��*H\HU�HW�DO��������������

1,752*(1�&203281'6

7KH�DYDLODELOLW\�RI�ELRORJLFDOO\�XVDEOH�QLWURJHQ�QRUPDOO\�OLPLWV�ELRORJLFDO�SURGXFWLYLW\�LQ
FRDVWDO�ZDWHUV��EXW�DQ�RYHU�DEXQGDQFH�RI�QLWURJHQ�LV�D�FRQFHUQ�LQ�DUHDV�ZKHUH�QXWULHQW
HQULFKPHQW�SUREOHPV��NQRZQ�DV�HXWURSKLFDWLRQ��KDYH�GHYHORSHG���,Q�DGGLWLRQ�WR�LQFUHDVLQJ
SURGXFWLYLW\��QXWULHQW�HQULFKPHQW�JHQHUDOO\�DOWHUV�WKH�QRUPDO�UDWLRV�RI�QLWURJHQ�WR�SKRVSKRUXV
DQG�WR�RWKHU�HOHPHQWV��VXFK�DV�VLOLFRQ���7KLV�DOWHUDWLRQ�PD\�LQGXFH�FKDQJHV�WR�SK\WRSODQNWRQ
FRPPXQLW\�VWUXFWXUH���6SHFLHV�WKDW�QRUPDOO\�RFFXU�LQ�ORZ�DEXQGDQFH�PD\�EH�IDYRUHG��DQG�LQ
VRPH�FDVHV��WR[LF�DQG�RU�QR[LRXV�DOJDO�EORRPV�PD\�UHVXOW���2Q�WKH�1HZ�(QJODQG�FRDVW��IRU
H[DPSOH��WKH�QXPEHU�RI�UHG�DQG�EURZQ�WLGHV�DQG�VKHOOILVK�SUREOHPV�IURP�QXLVDQFH�DQG�WR[LF
SODQNWRQ�EORRPV�KDYH�LQFUHDVHG�RYHU�WKH�SDVW�WZR�GHFDGHV���,Q�FRDVWDO�DUHDV�ZLWK�SRRU�RU
VWUDWLILHG�FLUFXODWLRQ�SDWWHUQV��H�J���&KHVDSHDNH�%D\��/RQJ�,VODQG�6RXQG���WKH��RYHUSURGXFHG�
DOJDH�WHQGV�WR�VLQN�WR�WKH�ERWWRP�DQG�GHFD\��XVLQJ�DOO��DQR[LD��RU�PRVW��K\SR[LD��RI�WKH�DYDLODEOH
R[\JHQ�LQ�WKH�SURFHVV��NLOOLQJ�RU�GULYLQJ�DZD\�RUJDQLVPV�WKDW�UHTXLUH�R[\JHQ���,Q�DGGLWLRQ��WKH
LQFUHDVH�LQ�VXVSHQGHG�PDWWHU�GXH�WR�RYHUSURGXFWLRQ�RI�DOJDH�GHFUHDVHV�OLJKW�SHQHWUDWLRQ��FDXVLQJ
D�ORVV�RI�XQGHUZDWHU�VHDJUDVV�DQG�FRUDO�FRPPXQLWLHV�

$WPRVSKHULF�GHSRVLWLRQ�RI�QLWURJHQ�FRPSRXQGV�LV�UHFRJQL]HG�E\�DOO�8�6��HVWXDULQH
SURJUDPV�RQ�WKH�HDVW�FRDVW�DV�HLWKHU�D�VLJQLILFDQW�FRQWULEXWRU�WR�HVWXDULQH�HXWURSKLFDWLRQ�RU�D
PHFKDQLVP�RI�SRVVLEOH�FRQFHUQ��(&$5$���������$Q�LPSRUWDQW�FRQVLGHUDWLRQ�IRU�FRQWUROOLQJ
DWPRVSKHULF�GHSRVLWLRQ�RI�QLWURJHQ�LV�WKDW�WKH�UHJLRQ�IURP�ZKLFK�WKH�DWPRVSKHULF�QLWURJHQ
SROOXWLRQ�DULVHV��L�H���WKH��DLUVKHG���LV�ODUJHU�WKDQ�WKH�ZDWHUVKHG�WKDW�GUDLQV�LQWR�WKH�ZDWHUERG\
DQG�PXFK�ODUJHU�WKDQ�WKH�ZDWHU�VXUIDFH�WKDW�LV�SRWHQWLDOO\�DIIHFWHG���7KH�H[WHQW�RI��DLUVKHGV��LV
QRZ�VWDUWLQJ�WR�EH�UHFRJQL]HG��H�J���VHH�WKH�GLVFXVVLRQ�RI�WKH�&KHVDSHDNH�%D\�DLUVKHG�LQ�6HFWLRQ
&�RI�&KDSWHU�,9��
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Potential Human Health Effects
Caused by Pollutants of Concern

& Cancer
& Reproductive effects
& Developmental effects, including effects on

embryos, fetuses, and children
& Neurological (i.e., brain and nervous system)

effects
& Immune system effects
& Endocrine system effects, including effects on

hormone synthesis and function
& Other noncancer effects, including liver and

kidney damage

,,�'��+XPDQ�+HDOWK�(IIHFWV

7KLV�VHFWLRQ�LV�LQWHQGHG�WR�SURYLGH�D�EULHI�RYHUYLHZ�RI�WKH�FXUUHQW�OLWHUDWXUH�RQ�WKH
SRWHQWLDO�KXPDQ�KHDOWK�HIIHFWV�IURP�H[SRVXUH�WR�WKH�*UHDW�:DWHUV�SROOXWDQWV�RI�FRQFHUQ���,Q
JHQHUDO��WKH�LQIRUPDWLRQ�SUHVHQWHG�LQ�WKLV�VHFWLRQ�UHSUHVHQWV�GDWD�SXEOLVKHG�VLQFH�WKH
EDFNJURXQG�GRFXPHQW�IURP�WKH�)LUVW�5HSRUW�WR�&RQJUHVV�RQ�H[SRVXUH�DQG�HIIHFWV��6ZDLQ�HW�DO�
����D��ZDV�FRPSOHWHG�WKURXJK��������%HFDXVH�WKH�LQIRUPDWLRQ�SUHVHQWHG�LQ�WKLV�UHSRUW�FRYHUV
RQO\�UHFHQW�VWXGLHV��LW�FDQQRW�EH�XVHG�DORQH�WR�GHWHUPLQH�ZKHWKHU�WKHVH�HIIHFWV�DUH�ZLGHVSUHDG�LQ
WKH�HQYLURQPHQW���$V�LQ�WKH�)LUVW�5HSRUW�WR�&RQJUHVV��WKH�FRQWULEXWLRQ�RI�DWPRVSKHULF�GHSRVLWLRQ
WR�WR[LF�FRQWDPLQDWLRQ�DQG�SRWHQWLDO�KXPDQ�KHDOWK�HIIHFWV�DVVRFLDWHG�ZLWK�H[SRVXUH�WR�WKH
SROOXWDQWV�FDQQRW�EH�TXDQWLILHG�DW�WKLV�WLPH�

0XFK�RI�WKH�LQIRUPDWLRQ�SUHVHQWHG�LQ�WKLV�VHFWLRQ�RQ�KXPDQ�KHDOWK�HIIHFWV�LV�EDVHG�RQ
HIIHFWV�REVHUYHG�LQ�DQLPDOV��PDLQO\�LQ�ODERUDWRU\�DQLPDO�VWXGLHV��WKDW�DUH�VXJJHVWLYH�RI�SRWHQWLDO
KXPDQ�KHDOWK�HIIHFWV���8QOLNH�WKH�HIIHFWV�RI�FHUWDLQ�SROOXWDQWV�RI�FRQFHUQ�RQ�HFRORJLFDO�KHDOWK�LQ
WKH�*UHDW�:DWHUV��GLVFXVVHG�LQ�6HFWLRQ�,,�&���GDWD�RQ�DGYHUVH�KHDOWK�HIIHFWV�REVHUYHG�LQ�KXPDQV
IURP�QRQ�RFFXSDWLRQDO�H[SRVXUH�WR�WKH�SROOXWDQWV�RI�FRQFHUQ�DUH�OLPLWHG���7KLV�VHFWLRQ�IRFXVHV�RQ
WKH�HIIHFWV�RI�WKH�SROOXWDQWV�RI�FRQFHUQ�DQG�GRHV�QRW�DWWHPSW�WR�VXPPDUL]H�WKH�H[SRVXUH�OHYHOV
UHVSRQVLEOH�IRU�WKH�REVHUYHG�HIIHFWV���,Q�DGGLWLRQ��WKLV�VHFWLRQ�GRHV�QRW�DWWHPSW�WR�GLVWLQJXLVK
HIIHFWV�WKDW�PD\�RFFXU�ZLWK�ORQJ�WHUP�H[SRVXUH�WR�WKH�SROOXWDQWV�RI�FRQFHUQ�IURP�WKRVH�HIIHFWV
FDXVHG�E\�DFXWH��KLJK�OHYHO�H[SRVXUHV��H�J���DFFLGHQWDO�VSLOOV����7KH�SRWHQWLDO�HIIHFWV�RI�D�SROOXWDQW
PD\�YDU\�ZLWK�GXUDWLRQ�RI�H[SRVXUH��SRVVLEO\�GXH�WR�D�EUHDNGRZQ�RI�WKH�FKHPLFDO�LQ�WKH�ERG\�WR
DQRWKHU�FKHPLFDO�WKDW�LV�PRUH�WR[LF�RU�DIIHFWV�RWKHU�WDUJHW�RUJDQV�WKDQ�WKH�H[SRVHG�FKHPLFDO�

&RQFOXVLRQV�IURP�WKH�)LUVW�5HSRUW�WR�&RQJUHVV

,QIRUPDWLRQ�IURP�WKH�)LUVW�5HSRUW�WR�&RQJUHVV�LV�SUHVHQWHG�KHUH�WR�SURYLGH�D�IRXQGDWLRQ
IRU�WKH�VXEVHTXHQW�GLVFXVVLRQ�RI�WKH�UHFHQW�LQIRUPDWLRQ�DYDLODEOH�IRU�WKLV�UHSRUW���7KH�UHVHDUFK
ILQGLQJV�DQG�VWXGLHV�SUHVHQWHG�LQ�WKH�)LUVW�5HSRUW�WR�&RQJUHVV��DV�ZHOO�DV�WKH�EDFNJURXQG
GRFXPHQW�RQ�H[SRVXUH�DQG�HIIHFWV��6ZDLQ�HW�DO������D���OHG�WR�WKH�IROORZLQJ�FRQFOXVLRQV
UHJDUGLQJ�WKH�SRWHQWLDO�KXPDQ�KHDOWK�HIIHFWV�IURP�H[SRVXUH�WR�WKH�SROOXWDQWV�RI�FRQFHUQ�

® 1XPHURXV�VWXGLHV�LQGLFDWHG�SRWHQWLDO
KXPDQ�KHDOWK�HIIHFWV�DVVRFLDWHG�ZLWK
WKH�SROOXWDQWV�RI�FRQFHUQ��VHH
VLGHEDU��

® 7KRXJK�PDQ\�RI�WKH�SROOXWDQWV�RI
FRQFHUQ�DUH�SUREDEOH�FDUFLQRJHQV��WKH
QRQFDQFHU�HIIHFWV�RI�WKHVH�SROOXWDQWV
DUH�DOVR�D�VLJQLILFDQW�FRQFHUQ�DQG�PD\
EH�DV�GHWULPHQWDO�DV�FDQFHU��RU�PRUH
VR��WR�LQGLYLGXDOV�DQG�SRSXODWLRQV�

® ,W�LV�SRVVLEOH�IRU�ORZ�OHYHO�H[SRVXUH�WR
VHYHUDO�RI�WKH�SROOXWDQWV�WR�KDYH�OLWWOH
RU�QR�PHDVXUDEOH�HIIHFW�RQ�DQ�DGXOW�
\HW�DOWHU�WKH�IRUPDWLRQ�DQG�IXQFWLRQ�RI�FULWLFDO�SK\VLRORJLFDO�V\VWHPV�DQG�RUJDQV�LQ
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Human Exposure to Endocrine Disruptors

Accidental exposure to cooking oil
contaminated with PCBs occurred in Japan in
1968 and Taiwan in 1979, affecting 3,000 to 5,000
people overall.  Children born to women who
consumed the oil when pregnant exhibited birth
defects and developmental and behavioral
deficiencies that scientists believe may be related
to hormonal changes caused by exposure (Lai et
al. 1993; Rogan and Gladen 1992).  Upon
reexamination of the Taiwanese children in the
early 1990s, researchers found that the children
scored lower than controls on IQ tests, girls were
shorter than average, and boys' penises were
significantly smaller than normal (Chen and Hsu
1994; Guo et al. 1993).

FKLOGUHQ�RI�WKH�H[SRVHG�DGXOW��HVSHFLDOO\�ZKHQ�WKH�FKLOG�LV�H[SRVHG�DW�FULWLFDO
GHYHORSPHQWDO�VWDJHV�LQ�WKH�PRWKHU
V�ZRPE�

® 6RPH�KXPDQ�KHDOWK�HIIHFWV�FDXVHG�E\�WKH�SROOXWDQWV�RI�FRQFHUQ�DUH�VXEWOH��UHVXOW�IURP
ORQJ�WHUP�H[SRVXUHV�WR�ORZ�OHYHOV�RI�SROOXWDQWV��DQG�PD\�EH�GHOD\HG�LQ�RQVHW�DQG�RFFXU
DFURVV�VHYHUDO�JHQHUDWLRQV���)RU�H[DPSOH��ORQJ�WHUP�H[SRVXUH�WR�ORZ�OHYHOV�RI�PHUFXU\
PD\�UHVXOW�LQ�NLGQH\�RU�QHUYRXV�V\VWHP�GDPDJH�RQO\�DIWHU�JUDGXDO�H[SRVXUH�DQG
ELRDFFXPXODWLRQ�LQ�WKH�ERG\�

7KH�UHPDLQGHU�RI�WKLV�VHFWLRQ�SUHVHQWV�XSGDWHG�LQIRUPDWLRQ�RQ�KXPDQ�KHDOWK�HIIHFWV
DVVRFLDWHG�ZLWK�WKH�*UHDW�:DWHUV�SROOXWDQWV�RI�FRQFHUQ�

&XUUHQW�8QGHUVWDQGLQJ�RI�+XPDQ�+HDOWK�(IIHFWV

6LQFH�WKH�)LUVW�5HSRUW�WR�&RQJUHVV��XSGDWHG�LQIRUPDWLRQ�RQ�WKH�SRWHQWLDO�KXPDQ�KHDOWK
HIIHFWV�IURP�H[SRVXUH�WR�WKH�SROOXWDQWV�RI�FRQFHUQ�KDV�EHFRPH�DYDLODEOH���7KLV�VHFWLRQ
VXPPDUL]HV�WKH�LQIRUPDWLRQ�ILUVW�E\�GLVFXVVLQJ�VRPH�QRWDEOH�UHVHDUFK�HIIRUWV�UHOHYDQW�WR�WKH
SRWHQWLDO�KXPDQ�KHDOWK�HIIHFWV�RI�VRPH�*UHDW�:DWHUV�SROOXWDQWV�RI�FRQFHUQ��IROORZHG�E\�D�EULHI
RYHUYLHZ�RI�UHFHQW�GDWD�RQ�WKH�SRWHQWLDO�KXPDQ�KHDOWK�HIIHFWV�IRU�HDFK�SROOXWDQW�RI�FRQFHUQ�

$V�GLVFXVVHG�LQ�6HFWLRQ�,,�&��WKH�UROH
RI�HQGRFULQH�GLVUXSWRUV�LQ�FDXVLQJ�DGYHUVH
HIIHFWV�LQ�ZLOGOLIH�DQG�KXPDQV�LV�DQ�HPHUJLQJ
DQG�FRQWURYHUVLDO�LVVXH���(IIHFWV�RI�HQGRFULQH
GLVUXSWRUV�KDYH�EHHQ�VHHQ�PRVWO\�LQ�ZLOGOLIH
DQG�ODERUDWRU\�H[SHULPHQWV��KRZHYHU��WKHUH
DUH�D�IHZ�NQRZQ�FDVHV�RI�DFFLGHQWDO�H[SRVXUH
RI�KXPDQV�WR�KLJK�FRQFHQWUDWLRQV�RI
HQGRFULQH�GLVUXSWRUV��VHH�VLGHEDU�IRU�DQ
H[DPSOH����+XPDQV�DUH�HVSHFLDOO\�VXVFHSWLEOH
WR�DGYHUVH�HIIHFWV�ZKHQ�H[SRVXUH�WR
HQGRFULQH�GLVUXSWRUV�RFFXUV�GXULQJ�SHULRGV
WKDW�DUH�WLJKWO\�FRQWUROOHG�E\�KRUPRQDO
DFWLYLW\��VXFK�DV�GXULQJ�HPEU\R�DQG�IHWDO
GHYHORSPHQW��%HUQ���������$V�DQ�H[DPSOH�
WKH�FKHPLFDO�KRUPRQH�GLHWK\OVWLOEHVWURO
�'(6��ZDV�JLYHQ�WR�PLOOLRQV�RI�ZRPHQ�WR
SUHYHQW�PLVFDUULDJHV�EHWZHHQ�WKH�����V�DQG�����V���7KRXJK�WKH�ZRPHQ�ZHUH�ODUJHO\�XQDIIHFWHG
E\�WKHLU�H[SRVXUH�WR�'(6��WKHLU�FKLOGUHQ�H[KLELWHG�DGYHUVH�UHSURGXFWLYH�HIIHFWV�VXFK�DV�GHFUHDVHG
IHUWLOLW\�LQ�ERWK�VH[HV��WHVWLFXODU�FDQFHU�LQ�PDOHV��DQG�DEQRUPDO�SUHJQDQFLHV�LQ�IHPDOHV��&ROERUQ
HW�DO��������+LOHPDQ���������6FLHQWLVWV�XVH�WKH�'(6�LQFLGHQW�DV�D�PRGHO�RI�KRZ�HQGRFULQH
GLVUXSWRUV�PD\�DIIHFW�KXPDQV�

6RPH�UHVHDUFKHUV�KDYH�FDXWLRQHG�WKDW�EHFDXVH�RI�WKH�FRPSOH[�LQWHUDFWLRQV�LQYROYHG�
SURYLQJ�D�FDXVH�DQG�HIIHFW�OLQN�EHWZHHQ�DGYHUVH�HIIHFWV�LQ�KXPDQV�DQG�HQGRFULQH�GLVUXSWRUV�ZLOO
EH�GLIILFXOW���6RPH�UDLVH�GRXEWV�DERXW�WKH�VHYHULW\�RI�WKH�HIIHFWV�RI�HQGRFULQH�GLVUXSWRUV�VKRZQ�LQ
VRPH�RI�WKH�VFLHQWLILF�OLWHUDWXUH��6DIH���������7KH�LQYHVWLJDWRUV�QRWH�WKDW�WKHVH�FKHPLFDOV�DUH�RQO\
ZHDN�KRUPRQHV��QDWXUDO�HVWURJHQV�KDYH�EHHQ�VKRZQ�WR�EH�RYHU�D�WKRXVDQG�WLPHV�VWURQJHU�WKDQ
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HVWURJHQLF�SHVWLFLGHV��%LUQEDXP���������,Q�DGGLWLRQ��VRPH�UHVHDUFKHUV�WKHRUL]H�WKDW�WKH�QHW�HIIHFW
RI�QDWXUDO�DQG�FKHPLFDO�HQGRFULQH�GLVUXSWRUV�PD\�EH�]HUR��HVSHFLDOO\�JLYHQ�WKDW�VRPH
HQYLURQPHQWDO�HVWURJHQV�DUH�IRXQG�LQ�SODQWV�DQG�KDYH�EHHQ�VKRZQ�WR�KDYH�EHQHILFLDO�HIIHFWV�
VXFK�DV�LQKLELWLQJ�WXPRU�IRUPDWLRQ��6DIH���������7KH�VLJQLILFDQFH�RI�HQGRFULQH�GLVUXSWLQJ�HIIHFWV
LQ�KXPDQV�UHPDLQV�XQFOHDU�

5HFHQW�ZRUN�RQ�PL[WXUHV�RI�HQGRFULQH�GLVUXSWRUV�UDLVHV�SRVVLEOH�DQVZHUV�WR�VRPH�RI�WKHVH
DUJXPHQWV���5HVHDUFKHUV�IRXQG�WKDW��LQ�D�VLPSOH�\HDVW�HVWURJHQ�V\VWHP��FRPELQDWLRQV�RI�WZR
ZHDN�HQGRFULQH�GLVUXSWRUV��VXFK�DV�GLHOGULQ�DQG�WR[DSKHQH��ZHUH����WR�������WLPHV�PRUH�SRWHQW
WKDQ�LQGLYLGXDO�FRPSRXQGV�LQ�HOLFLWLQJ�ELQGLQJ�DQG�DFWLYDWLRQ�RI�WKH�KXPDQ�HVWURJHQ�UHFHSWRU
�$UQROG�HW�DO����������7KLV�UHVHDUFK�LV�SUHOLPLQDU\��EXW�KDV�LPSRUWDQW�LPSOLFDWLRQV��HVSHFLDOO\
EHFDXVH�SROOXWDQWV�LQ�WKH�HQYLURQPHQW�DUH�W\SLFDOO\�IRXQG�LQ�PL[WXUHV�

,Q�DGGLWLRQ�WR�WKH�UHFHQW�IRFXV�RQ�HQGRFULQH�GLVUXSWRUV��RWKHU�UHVHDUFK�HIIRUWV�UHOHYDQW�WR
WKH�SRWHQWLDO�KXPDQ�KHDOWK�HIIHFWV�RI�WKH�SROOXWDQWV�RI�FRQFHUQ�LQFOXGH�WKH�IROORZLQJ�

® (3$�VXEPLWWHG�D�GUDIW�0HUFXU\�6WXG\�5HSRUW�WR�WKH�6FLHQFH�$GYLVRU\�%RDUG��6$%��IRU
UHYLHZ�LQ�-XQH��������7KH�UHSRUW�ZDV�UHYLHZHG�E\�6$%�LQ�)HEUXDU\��������(3$�H[SHFWV�WR
UHFHLYH�WKH�RSLQLRQ�RI�6$%�LQ�WKH�VXPPHU�RI��������7KH�ILQDO�0HUFXU\�6WXG\�5HSRUW�ZLOO
IXOILOO�WKH�UHTXLUHPHQWV�RI�&$$�VHFWLRQ�����Q�����%���LQFOXGLQJ�D�UHTXLUHPHQW�WR�DVVHVV�WKH
SXEOLF�KHDOWK�LPSDFWV�RI�PHUFXU\�HPLVVLRQV�

® ,Q�UHVSRQVH�WR�JURZLQJ�VFLHQWLILF�FRQWURYHUV\�UHJDUGLQJ�WKH�SRWHQWLDO�HIIHFWV�IURP
H[SRVXUH�WR�GLR[LQV�DQG�UHODWHG�FRPSRXQGV��(3$�EHJDQ�D�VFLHQWLILF�UHDVVHVVPHQW�RI�WKH
KHDOWK�ULVNV�IURP�H[SRVXUH�WR�7&''�DQG�FKHPLFDOO\�UHODWHG�FRPSRXQGV��NQRZQ
FROOHFWLYHO\�DV�GLR[LQV�DQG�LQFOXGLQJ�7&')V��LQ�$SULO��������$FWLYLWLHV�XQGHU�WKH�GLR[LQ
UHDVVHVVPHQW�LQFOXGHG�XSGDWLQJ�DQG�UHYLVLQJ�WKH�KHDOWK�DVVHVVPHQW�DQG�H[SRVXUH
DVVHVVPHQW�GRFXPHQWV�DQG�SHUIRUPLQJ�UHVHDUFK�WR�FKDUDFWHUL]H�HFRORJLFDO�ULVNV�LQ�DTXDWLF
HFRV\VWHPV���7KH�GLR[LQ�UHDVVHVVPHQW�GRFXPHQW�ZDV�SXEOLVKHG�LQ�GUDIW�IRUP�LQ�-XQH�����
DQG�LV�IRXQG�LQ�WZR�UHSRUWV��HDFK���YROXPHV����WKH�KHDOWK�DVVHVVPHQW�GRFXPHQW��8�6��(3$
����F��DQG�WKH�H[SRVXUH�GRFXPHQW��8�6��(3$�����G����0RUH�GHWDLOHG�LQIRUPDWLRQ�RQ�WKH
KXPDQ�KHDOWK�HIIHFWV�UHODWHG�WR�7&''V�DQG�7&')V�DUH�GLVFXVVHG�ODWHU�LQ�WKLV�VHFWLRQ�

%DVHG�RQ�WKH�DERYH�UHVHDUFK�DUHDV�RI�LQWHUHVW�SOXV�KXPDQ�KHDOWK�HIIHFWV�GDWD�IURP�WKH
)LUVW�5HSRUW�WR�&RQJUHVV�DQG�IURP�UHFHQWO\�SXEOLVKHG�VWXGLHV��7DEOH�,,���SUHVHQWV�WKH�SRWHQWLDO
KXPDQ�KHDOWK�HIIHFWV�DVVRFLDWHG�ZLWK�WKH�*UHDW�:DWHUV�SROOXWDQWV�RI�FRQFHUQ��H[FHSW�QLWURJHQ��
1LWURJHQ�FRPSRXQGV�DUH�QRW�LQFOXGHG�LQ�WKLV�WDEOH�EHFDXVH�QLWURJHQ�FRPSRXQGV�WKDW�DUH
DWPRVSKHULFDOO\�GHSRVLWHG�JHQHUDOO\�DUH�QRW�D�GLUHFW�KD]DUG�WR�KXPDQ�KHDOWK����1LWUDWHV�LQ
GULQNLQJ�ZDWHU�IURP�ZHOOV�DUH�RI�FRQFHUQ�LQ�PDQ\�DUHDV��EXW�DUH�QRW�OLQNHG�WR�DWPRVSKHULF
GHSRVLWLRQ����)RU�EDODQFH�LQ�XQGHUVWDQGLQJ�WKH�LPSRUWDQFH�RI�QLWURJHQ�R[LGHV�DQG�RWKHU�QLWURJHQ
HPLVVLRQV�WR�WKH�DWPRVSKHUH��HIIHFWV�RQ�KXPDQ�KHDOWK�GXH�WR�R]RQH�IRUPDWLRQ�UHVXOWLQJ�IURP
QLWURJHQ�FRPSRXQGV�DUH�EULHIO\�GLVFXVVHG�ODWHU�LQ�WKLV�VHFWLRQ���7KH�GDWD�LQ�7DEOH�,,���JHQHUDOO\
DUH�EDVHG�RQ�D�FRPSLODWLRQ�RI�UHVXOWV�IURP�ODERUDWRU\�VWXGLHV�RQ�ZKROH�DQLPDOV��WR[LFLW\�FHOOXODU
VWXGLHV�LQ��WHVW�WXEHV���L�H���LQ�YLWUR�VWXGLHV���DQG�KXPDQ�HSLGHPLRORJLFDO�VWXGLHV�GHVFULELQJ
RFFXSDWLRQDO�RU�DFFLGHQWDO�H[SRVXUH�WR�KLJK�FRQFHQWUDWLRQV�RI�FKHPLFDOV���$OWKRXJK�WKHVH�VWXGLHV
LGHQWLI\�VHULRXV�SRWHQWLDO�HIIHFWV�IRU�KXPDQV��LW�LV�GLIILFXOW�WR�GHWHUPLQH�WKH�DGYHUVH�HIIHFWV�WKDW
ZRXOG�DFWXDOO\�RFFXU�ZLWK�FKURQLF�DQG�ORZ�OHYHO�H[SRVXUH�WR�WKHVH�SROOXWDQWV�LQ�WKH
HQYLURQPHQW���6LQFH�WKH�)LUVW�5HSRUW�WR�&RQJUHVV��7DEOH�,,���KDV�EHHQ�XSGDWHG�WR�UHFRJQL]H�WKH
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TABLE II-9
Potential Human Health Effects Associated With Pollutants of Concern a

Pollutant

Potential Effects on Human Health b

Cancer Developmental Behavioral Immunological Endocrine Noncancerc
Reproductive/ Neurological/ Other

d

Cadmium and Probable 0 0 0 Respiratory and
compounds kidney toxicity

Chlordane Probable 0 0 0 0 Liver toxicity

DDT/DDE Probable 0 0 0 0 Liver toxicity

Dieldrin Probable 0 0 0 0 Liver toxicity

Hexachloro- Probable 0 0 0 0 Liver toxicity
benzene

�-HCH Probable Kidney and
liver toxicity

Lead and Probable 0 0 0 0 Kidney toxicity
compounds

Lindane Probable 0 0 0 0 Kidney andf

liver toxicity

Mercury and Possible 0 0 0 0 Kidney toxicity
compounds

g

PCBs Probable 0 0 0 0 Liver toxicity

Polycyclic Probable 0 0 0 Blood cell
organic matter toxicitye

TCDF (furans) Not 0 0 0 Liver toxicity
classifiable

TCDD (dioxins) Probable 0 0 0 0 Chloracnef

Toxaphene Probable 0 0 0 0 Cardiovascular
effects; liver
toxicity

 Sources:  Barnea and Shurtz-Swirski 1992; Cassidy et al. 1994; Chowdhury et al. 1993; Clayton and Clayton 1994; Colborn et al. 1993;a

Howard 1991; Linder et al. 1992; Soto et al. 1993; ATSDR Toxicological Profiles (see list in References chapter); and U.S. EPA 1987a,
1987b, 1988, 1989, 1990, 1991a, 1993d, and 1994c.
 For purposes of this table, a pollutant was considered to induce an effect if human or laboratory mammal data indicating a positive resultb

were available.  Blanks mean that no data indicating a positive result were found in the references cited (not necessarily that the chemical
does not cause the effect).
 Cancer classifications:  (1) "probable human carcinogen" when there is limited or no evidence of human carcinogenicity fromc

epidemiological studies but sufficient evidence of carcinogenicity in animals (corresponds to EPA weight-of-evidence category B); (2)
"possible human carcinogen" when there is limited evidence of carcinogenicity in animals and inadequate or lack of human data
(corresponds to EPA weight-of-evidence category C); and (3) "not classifiable as to human carcinogenicity" when there is inadequate
human and animal evidence of carcinogenicity or when no data are available (corresponds to EPA weight-of-evidence category D).  Data
on cancer classifications are obtained from EPA's Integrated Risk Information System (IRIS), unless otherwise noted.
 This column reports only a sample of other noncancer effects that may occur as a result of chronic exposure to the pollutant.  Additionald

adverse human health effects may be associated with each chemical.
 POM represents a class of numerous compounds; not every compound is responsible for the potential effects on human health.e

 Data from Health Effects Assessment Summary Tables (HEAST), which classify these chemicals as probable human carcinogens;f

however, these carcinogenic evaluations are currently under review by EPA.
 Inorganic (mercuric chloride) and organic (methylmercury) forms are classified as "possible," whereas elemental is "not classifiable."g
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�SRWHQWLDO�HQGRFULQH�GLVUXSWLQJ�HIIHFWV�RI�''7�''(�DQG�OLQGDQH��DQG�WKH��SRVVLEOH�KXPDQ
FDUFLQRJHQ��FODVVLILFDWLRQ�IRU�PHUFXU\��RUJDQLF�DQG�LQRUJDQLF�IRUPV��

�7KH�FXUUHQW�LQIRUPDWLRQ�RQ�WKH�KXPDQ�KHDOWK�HIIHFWV�DVVRFLDWHG�ZLWK�HDFK�RI�WKH
SROOXWDQW�JURXSV�LV�KLJKOLJKWHG�LQ�WKH�UHPDLQGHU�RI�WKH�VHFWLRQ�

0(5&85<�$1'�&203281'6

0HUFXU\��D�PHWDO��LV�GLVFXVVHG�VHSDUDWHO\�IURP�RWKHU�PHWDOV�EHFDXVH�RI�WKH�VLJQLILFDQW
HPSKDVLV�SODFHG�RQ�PHUFXU\�LQ�VHFWLRQ�����RI�WKH�&$$�DQG�WKH�GLIIHUHQFH�LQ�LWV�EHKDYLRU�DQG
HIIHFWV�FRPSDUHG�WR�RWKHU�PHWDOV���,W�KDV�ORQJ�EHHQ�NQRZQ�WKDW�RUJDQLF�PHUFXU\��PHWK\OPHUFXU\�
ELRDFFXPXODWHV�LQ�ILVK��DQG�FDQ�ELRPDJQLI\�LQ�WKH�IRRG�ZHE���,Q�WKH�DLU��PHUFXU\�H[LVWV�SULPDULO\
DV�HOHPHQWDO��+J ��DQG�LQRUJDQLF��+J>,,@��PHUFXU\���0RVW�RI�WKH�PHUFXU\�LQ�ZDWHU��VRLO��RU�

VHGLPHQWV�RFFXU�LQ�WKH�IRUP�RI�HOHPHQWDO�PHUFXU\�DQG�LQRUJDQLF�PHUFXU\�VDOWV�

+XPDQV�DUH�PRVW�OLNHO\�H[SRVHG�WR�PHUFXU\�LQGLUHFWO\�DV�PHWK\OPHUFXU\�WKURXJK�D�GLHW
FRQWDLQLQJ�FRQWDPLQDWHG�ILVK��LQVWHDG�RI�GLUHFWO\�IURP�LQKDODWLRQ�RI�PHUFXU\�LQ�DLU���,QJHVWLRQ�RI
PHUFXU\�FRQWDPLQDWHG�ILVK�FDQ�UHVXOW�LQ�YDULRXV�KHDOWK�HIIHFWV��SDUWLFXODUO\�WR[LFLW\�WR�WKH
QHUYRXV�V\VWHP�LQ�DGXOWV�DQG�LQ�FKLOGUHQ�H[SRVHG�DV�IHWXVHV���$V�VKRZQ�LQ�7DEOH�,,����PHUFXU\
PD\�DOVR�DIIHFW�WKH�UHSURGXFWLYH�DQG�LPPXQH�V\VWHPV���6LQFH�WKH�)LUVW�5HSRUW�WR�&RQJUHVV��(3$
KDV�UHFRPPHQGHG�WKH�FXUUHQW�UDWLQJ�RI�WKH�VFLHQWLILF�ZHLJKW�RI�HYLGHQFH�UHJDUGLQJ�WKH�KXPDQ
FDUFLQRJHQLFLW\�RI�PHUFXU\��8�6��(3$�����G��

& (OHPHQWDO�PHUFXU\���QRW�FODVVLILDEOH�DV�WR�KXPDQ�FDUFLQRJHQLFLW\�

& ,QRUJDQLF��PHUFXULF�FKORULGH��DQG�RUJDQLF��PHWK\OPHUFXU\��PHUFXU\���SRVVLEOH
KXPDQ�FDUFLQRJHQV�

,Q�UHFHQW�\HDUV��UHVHDUFKHUV��LQFOXGLQJ�(3$��KDYH�IRFXVHG�RQ�VHYHUDO�LVVXHV�UHODWHG�WR�WKH
KHDOWK�HIIHFWV�RI�PHWK\OPHUFXU\�������LPSURYLQJ�WKH�TXDQWLWDWLYH�HVWLPDWH�RI�WKH�UHODWLRQVKLS
EHWZHHQ�PHUFXU\�OHYHOV�LQ�DLU�DQG�H[SRVXUH�OHYHOV������XVLQJ�UHILQHG�VWDWLVWLFDO�DSSURDFKHV�DQG
WKH�DSSOLFDWLRQ�RI�SK\VLRORJLFDOO\�EDVHG�SKDUPDFRNLQHWLF�PRGHOV�WR�HYDOXDWH�WKH�FULWLFDO�GRVH
OHYHOV�DW�ZKLFK�KHDOWK�HIIHFWV�RFFXU�IURP�PHUFXU\��DQG�����HIIHFWV�RQ�QHUYRXV�V\VWHP�GHYHORS�
PHQW�LQ�SRSXODWLRQV�WKDW�FRQVXPH�PHUFXU\�FRQWDPLQDWHG�ILVK���1HZ�GDWD�DUH�DYDLODEOH�IURP�D
UHFHQWO\�SXEOLVKHG�VWXG\�LQYHVWLJDWLQJ�QHXURORJLFDO�HIIHFWV�LQ�FKLOGUHQ�EHORQJLQJ�WR�D�ILVK�
FRQVXPLQJ�SRSXODWLRQ�LQ�WKH�6H\FKHOOHV�,VODQGV���'DWD�IURP�HYDOXDWLRQ�RI�WKHVH�FKLOGUHQ��XS�WR
VL[�\HDUV�RI�DJH��KDYH�EHHQ�FROOHFWHG�DQG�DUH�EHLQJ�DQDO\]HG���'DWD�IURP�D�VLPLODU�VWXG\�LQ�WKH
)DURH�,VODQGV�KDYH�EHHQ�SXEOLVKHG�LQ�DEVWUDFW�IRUP��KRZHYHU��IXUWKHU�LQYHVWLJDWLRQ�LV�EHLQJ
FRQGXFWHG�WR�GHWHUPLQH�LI�WKH�VWXG\�VXEMHFWV�DOVR�PD\�KDYH�EHHQ�H[SRVHG�WR�3&%V���6PDOOHU�VFDOH
VWXGLHV�HYDOXDWLQJ�HIIHFWV�LQ�SRSXODWLRQV�DURXQG�WKH�*UHDW�/DNHV�DOVR�DUH�LQ�SURJUHVV���7KH�DERYH
GDWD�DQG�PHWKRGRORJLHV�KDYH�QRW�\HW�EHHQ�LQFRUSRUDWHG�LQWR�DQ�(3$�ULVN�DVVHVVPHQW�RI�PHWK\O�
PHUFXU\�EHFDXVH�D�PDMRULW\�RI�WKH�QHZ�GDWD�DUH�HLWKHU�QRW�\HW�SXEOLVKHG�RU�KDYH�QRW�\HW�EHHQ
VXEMHFWHG�WR�ULJRURXV�UHYLHZ�

27+(5�0(7$/6

&DGPLXP���$V�LQGLFDWHG�LQ�7DEOH�,,����FDGPLXP�KDV�EHHQ�OLQNHG�WR�QXPHURXV�DGYHUVH
KXPDQ�KHDOWK�HIIHFWV��LQFOXGLQJ�UHVSLUDWRU\�DQG�NLGQH\�WR[LFLW\��SUREDEOH�FDUFLQRJHQLFLW\�
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Low-Level Lead Exposure

Because of the adverse human health effects
associated with low-level lead exposure coupled
with the numerous exposure pathways for lead,
EPA has abandoned its standard approach for
evaluating chemical toxicity in favor of a site-
specific modeling approach.  In 1994, EPA
released a revised version of the Integrated
Exposure Uptake Biokinetic Model for Lead in
Children as its recommended methodology for
assessing lead exposure.  The model considers
the principal lead exposure pathways (e.g.,
drinking water, diet, inhalation) to estimate lead
levels in blood of children.  Overall lead intake is
then integrated in the model to estimate blood lead
concentration.  This concentration can then be
used to predict:  (1) the percentage of the exposed
population that will have blood lead levels greater
than 10 µg/dL; or (2) the probability that a child
exposed to this level will have a blood lead level
greater than 10 µg/dL.  EPA defines 10 µg/dL
blood lead as the lower bound of the range that is
known to cause adverse effects on behavior in
young children.

Source:  U.S. EPA 1994b.

UHSURGXFWLYH�DQG�GHYHORSPHQWDO�HIIHFWV��DQG�LPPXQRORJLFDO�HIIHFWV���5HFHQW�OLWHUDWXUH�GLVFXVVLQJ
WKH�DGYHUVH�KXPDQ�KHDOWK�HIIHFWV�RI�H[SRVXUH�WR�FDGPLXP�LV�OLPLWHG�DQG�JHQHUDOO\�LV�IRFXVHG�RQ
KRZ�FDGPLXP�DOWHUV�WKH�IXQFWLRQ�RI�WKH�NLGQH\��ZKLFK�LV�NQRZQ�WR�EH�WKH�FULWLFDO�RUJDQ�IRU
FDGPLXP�H[SRVXUHV��:+2���������&DGPLXP�H[SRVXUH�KDV�EHHQ�IRXQG�WR�FDXVH�GHILFLHQW�YLWDPLQ
'�PHWDEROLVP�LQ�WKH�NLGQH\��ZKLFK�VXEVHTXHQWO\�DIIHFWV�WKH�FDOFLXP�EDODQFH�DQG�ERQH�GHQVLW\
DQG�PD\�UHVXOW�LQ�RVWHRSRURVLV�RU�RVWHRPDODFLD��ERWK�ERQH�GLVHDVHV�FKDUDFWHUL]HG�E\�D�FKDQJH�LQ
WKH�PLQHUDO�DQG�PDWUL[�SKDVHV�RI�ERQH�WLVVXH����([SRVXUH�WR�FDGPLXP�KDV�DOVR�EHHQ�OLQNHG�WR
GHYHORSPHQWDO�HIIHFWV��H�J���SDUWLFXODUO\�ORZ�ELUWK�ZHLJKW��

/HDG���5HFHQW�OLWHUDWXUH�RQ�KXPDQ
KHDOWK�HIIHFWV�IURP�OHDG�H[SRVXUH�JHQHUDOO\
VXSSRUWV�WKH�ILQGLQJV�SUHVHQWHG�LQ�,,�����OHDG
LV�FRQVLGHUHG�D�SUREDEOH�FDUFLQRJHQ�DQG�PD\
DIIHFW�UHSURGXFWLRQ�DQG�GHYHORSPHQW��DOWHU
WKH�LPPXQH��QHUYRXV��DQG�HQGRFULQH
V\VWHPV��DQG�GDPDJH�WKH�NLGQH\���:KLOH�WKH
FRUUHODWLRQ�EHWZHHQ�KLJK�OHYHOV�RI�OHDG�LQ
EORRG�DQG�DGYHUVH�KXPDQ�KHDOWK�HIIHFWV�LV
UHODWLYHO\�ZHOO�NQRZQ��FXUUHQW�UHVHDUFK�KDV
IRFXVHG�RQ�WKH�DGYHUVH�HIIHFWV�DVVRFLDWHG
ZLWK�ORZ�OHYHOV�RI�OHDG�LQ�EORRG�����
PLFURJUDPV�RI�OHDG�SHU�GHFLOLWHU�RI�EORRG��RU
�J�G/���VHH�VLGHEDU����/RZ�OHYHOV�RI�OHDG�PD\
EH�IRXQG�LQ�EORRG�RI�D�VLJQLILFDQW�SRUWLRQ�RI
WKH�JHQHUDO�SXEOLF��8�6��(3$�����E����(IIHFWV
IURP�ORZ�OHYHO�H[SRVXUH�UDQJH�IURP�VXEWOH
FHOOXODU�FKDQJHV��VXFK�DV�HIIHFWV�RQ�UHG�EORRG
FHOO�PHWDEROLVP��WR�SURQRXQFHG�HIIHFWV�RQ
SK\VLFDO�DQG�PHQWDO�GHYHORSPHQW��+RYLQJD
HW�DO��������+XVHPDQ�HW�DO��������.LP�HW�DO�
��������%ORRG�OHDG�OHYHOV�DV�ORZ�DV�����J�G/
�DQG�SRVVLEO\�ORZHU��PD\�UHVXOW�LQ�DGYHUVH
KXPDQ�KHDOWK�HIIHFWV��0XVKDN�HW�DO�������
8�6��(3$�����E����(3$�KDV�DOVR�QRWHG�WKDW
LQIDQWV�DQG�\RXQJ�FKLOGUHQ�PD\�EH�PRVW�VXVFHSWLEOH�WR�DGYHUVH�HIIHFWV�UHVXOWLQJ�IURP�OHDG
H[SRVXUHV��8�6��(3$�����E����

&20%867,21�(0,66,216

7&''�DQG�7&')���$V�VKRZQ�LQ�7DEOH�,,����WKH�SRWHQWLDO�KXPDQ�KHDOWK�HIIHFWV�IURP
H[SRVXUH�WR�7&''�LQFOXGH�SUREDEOH�FDUFLQRJHQLFLW\��DQG�UHSURGXFWLYH�DQG�GHYHORSPHQWDO�
QHXURORJLFDO�DQG�EHKDYLRUDO��LPPXQRORJLFDO��DQG�HQGRFULQH�V\VWHP�HIIHFWV���)RU�7&')��WKH
SRWHQWLDO�KXPDQ�KHDOWK�HIIHFWV�DUH�UHSURGXFWLYH�DQG�GHYHORSPHQWDO��LPPXQRORJLFDO��DQG
HQGRFULQH�V\VWHP�HIIHFWV��DQG�OLYHU�WR[LFLW\���7KH�GLR[LQ�UHDVVHVVPHQW�GRFXPHQW��8�6��(3$�����F�
GLVFXVVHV�WKH�HIIHFWV�RI�7&''�DQG�UHODWHG��FRPSRXQGV�FROOHFWLYHO\�UHIHUUHG�WR�DV�GLR[LQV��LQ
GHWDLO���$�VXPPDU\�RI�VRPH�RI�WKH�UHVHDUFK�SUHVHQWHG�LQ�WKH�UHDVVHVVPHQW�LV�GLVFXVVHG�EHORZ�
SOHDVH�UHIHU�WR�WKH�UHDVVHVVPHQW�GRFXPHQW�IRU�WKH�SULPDU\�OLWHUDWXUH�UHIHUHQFHV�IRU�WKHVH�VWXGLHV�
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® &DUFLQRJHQLFLW\���$�QXPEHU�RI�QHZ�VWXGLHV�SURYLGH�IXUWKHU�HYLGHQFH�WKDW�GLR[LQV�DUH
SUREDEOH�KXPDQ�FDUFLQRJHQV���%HFDXVH�DYDLODEOH�KXPDQ�VWXGLHV�DORQH�FDQQRW�FRQILUP
ZKHWKHU�WKHUH�LV�D�FDXVDO�UHODWLRQVKLS�EHWZHHQ�GLR[LQ�H[SRVXUH�DQG�LQFUHDVHG�FDQFHU
LQFLGHQFH��DVVHVVRUV�KDYH�H[WUDSRODWHG�IURP�DYDLODEOH�DQLPDO�GDWD�WR�SRWHQWLDO�KXPDQ
FDQFHU���5HFHQW�DQLPDO�VWXGLHV�KDYH�GHPRQVWUDWHG�GLR[LQV�WR�EH�FDUFLQRJHQLF�LQ�KDPVWHUV
DQG�VPDOO�ILVK���$OO�RI�WKHVH�GDWD�KDYH�FRQWULEXWHG�WR�WKH�ZHLJKW�RI�HYLGHQFH�WKDW�GLR[LQV
DQG�UHODWHG�FRPSRXQGV�PD\�EH�FDUFLQRJHQLF��XQGHU�FHUWDLQ�FLUFXPVWDQFHV��LQ�KXPDQV�

® 5HSURGXFWLYH�DQG�'HYHORSPHQWDO�(IIHFWV���7KH�SRWHQWLDO�IRU�GLR[LQV�DQG�UHODWHG�FRPSRXQGV
WR�FDXVH�DGYHUVH�UHSURGXFWLYH�DQG�GHYHORSPHQWDO�HIIHFWV�LQ�DQLPDOV�KDV�EHHQ�UHFRJQL]HG
IRU�PDQ\�\HDUV���5HFHQW�ODERUDWRU\�VWXGLHV�KDYH�VXJJHVWHG�WKDW�DOWHUHG�GHYHORSPHQW�PD\
EH�DPRQJ�WKH�PRVW�VHQVLWLYH�7&''�HQGSRLQW�LQ�ODERUDWRU\�DQLPDOV��DOWKRXJK�WKH
OLNHOLKRRG�DQG�OHYHO�RI�UHVSRQVH�LQ�KXPDQV�LV�PXFK�OHVV�FOHDU���2QH�VWXG\�RI�PRQNH\V
IRXQG�WKDW�FKURQLF�H[SRVXUH�WR�7&''�LQFUHDVHG�WKH�ULVN�RI�HQGRPHWULRVLV��D�IHPDOH
UHSURGXFWLYH�V\VWHP�GLVRUGHU�WKDW�FDQ�EH�SDLQIXO�DQG�SURGXFH�LQIHUWLOLW\���+XPDQ
HSLGHPLRORJLF�VWXGLHV�RQ�WKH�UHODWLRQVKLS�EHWZHHQ�GLR[LQ�H[SRVXUH�DQG�HQGRPHWULRVLV
DUH�SODQQHG�DV�SDUW�RI�IROORZ�XS�UHVHDUFK�WR�D������GLR[LQ�UHOHDVH�LQ�6HYHVR��,WDO\�

® ,PPXQH�6\VWHP�(IIHFWV���5HFHQW�DQLPDO�VWXGLHV�FRQILUP�WKDW�GLR[LQV�PD\�FDXVH
LPPXQRORJLFDO�HIIHFWV�DQG�VXJJHVW�WKDW�VRPH�HIIHFWV�PD\�RFFXU�DIWHU�ORZ�OHYHO�H[SRVXUH��
7KHUH�LV�FRQIOLFWLQJ�HYLGHQFH��KRZHYHU��FRQFHUQLQJ�WKH�HIIHFWV�RI�WKHVH�FRPSRXQGV�RQ
KXPDQV���$�GHYHORSLQJ�KXPDQ�LPPXQH�V\VWHP�LV�EHOLHYHG�WR�EH�SDUWLFXODUO\�VHQVLWLYH�WR
WKH�HIIHFWV�RI�H[SRVXUH�WR�GLR[LQV�FRPSDUHG�WR�DGXOWV��EXW�DGGLWLRQDO�UHVHDUFK�LV�QHFHVVDU\
WR�FRQILUP�WKLV�K\SRWKHVLV�

® (QGRFULQH�6\VWHP�(IIHFWV���7ZR�KXPDQ�HSLGHPLRORJLF�VWXGLHV�OLQNHG�H[SRVXUH�WR�7&''
ZLWK�FKDQJHV�LQ�PDOH�UHSURGXFWLYH�KRUPRQH�OHYHOV���7ZR�RI�WKUHH�VWXGLHV�IRXQG
GHFUHDVHG�WHVWRVWHURQH�OHYHOV�DQG�RQH�RI�WZR�VWXGLHV�REVHUYHG�DQ�LQFUHDVH�LQ�D�IHPDOH
RYXODWLRQ�KRUPRQH�LQ�PDOHV���$QLPDO�VWXGLHV�KDYH�SURGXFHG�VLPLODU�UHVXOWV�

® 2WKHU�1RQFDQFHU�(IIHFWV���&KORUDFQH�LV�D�VHYHUH�DFQH�OLNH�GLVRUGHU�WKDW�GHYHORSV�ZLWKLQ
KXPDQV�DIWHU�D�IHZ�PRQWKV�RI�H[SRVXUH�WR�GLR[LQ���,W�PD\�GLVDSSHDU�LQ�VRPH�LQGLYLGXDOV
DIWHU�H[SRVXUH�LV�GLVFRQWLQXHG��RU�SHUVLVW�LQ�RWKHUV�IRU�PDQ\�\HDUV���/LPLWHG�GDWD�H[LVW�WR
GHWHUPLQH�WKH�GRVHV�DW�ZKLFK�FKORUDFQH�LV�OLNHO\�WR�RFFXU��EXW�ORQJ�ODVWLQJ��KLJK�LQWHQVLW\
H[SRVXUHV�WKDW�EHJLQ�DW�DQ�HDUO\�DJH�DUH�EHOLHYHG�WR�LQFUHDVH�DQ�LQGLYLGXDO
V�FKDQFHV�RI
FRQWUDFWLQJ�WKLV�VNLQ�GLVRUGHU���$QRWKHU�SRWHQWLDO�HIIHFW�LV�HQ]\PH�LQGXFWLRQ��ZKLFK�KDV
RFFXUUHG�LQ�DQLPDOV�H[SRVHG�WR�7&''�FRPSRXQGV���7KH�ELRFKHPLFDO�DOWHUDWLRQ�PD\
HLWKHU�EHQHILW�WKH�DQLPDO�RU�UHVXOW�LQ�DGYHUVH�HIIHFWV�WR�WKH�DQLPDO��L�H���DOWHU�PHWDEROLVP�RI
FHUWDLQ�FKHPLFDOV�E\�LQFUHDVLQJ�RU�GHFUHDVLQJ�WR[LFLW\����6WXGLHV�OLQNLQJ�WKLV�HIIHFW�GLUHFWO\
WR�KXPDQV�DUH�QRW�DYDLODEOH�

0RVW�GLR[LQV�DUH�WKRXJKW�WR�DIIHFW�DQLPDOV�DQG�KXPDQV�E\�ELQGLQJ�ZLWK�WKH�$K�UHFHSWRU��
7KH�$K�UHFHSWRU��ZKLFK�KDV�EHHQ�GHWHFWHG�LQ�KXPDQV��DQG�LWV�PHFKDQLVP�RI�DFWLRQ�DUH�GLVFXVVHG
LQ�6HFWLRQ�,,�&�

3&%V���7KLV�VHFWLRQ�VXPPDUL]HV�WKH�SRWHQWLDO�KXPDQ�KHDOWK�HIIHFWV�WKDW�DUH�JHQHUDOO\
FRPPRQ�WR�DOO�3&%�FRPSRXQGV��DOWKRXJK�WKH�OHYHOV�DW�ZKLFK�WKHVH�HIIHFWV�PD\�RFFXU�YDU\
EHWZHHQ�FRPSRXQGV���,Q�DGGLWLRQ��VSHFLILF�FRPSRXQGV�PD\�SURGXFH�WKHLU�RZQ�UDQJH�RI�HIIHFWV��
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Changes in Serum PCB Levels in Great Lakes Populations

Hovinga et al. (1992) compared data from a 1982 study that examined 115 individuals who
consumed Great Lakes fish and 95 who did not eat fish (i.e., controls) to a similar study in 1989 that
reevaluated these individuals.  Comparison of the data from the two studies (Table II-10) shows a
significant decrease in mean serum DDT levels in both fish-eaters (almost 40 percent) and controls
(approximately 30 percent).  In contrast, serum PCB levels decreased only slightly in fish-eaters and
remained relatively constant in controls.  These results support other studies that have found stable PCB
levels over time when DDT levels have been decreasing and suggest that, despite their ban, restrictions
on PCBs have not been as effective in reducing levels of contamination in humans as those placed on
DDT.

TABLE II-10
Mean Serum PCB and DDT Levels in Fish Eaters and Controls (1982 vs. 1989) a

Fish Eaters Controls

1982 1989 1982 1989

Serum PCB (ppb) 20.5 19.0 6.6 6.8

Serum DDT (ppb) 25.8 15.6 9.6 6.8

 Values represent 111 fish eaters and 90 controls (out of original 115 and 95,a

respectively).

$V�VKRZQ�LQ�7DEOH�,,����3&%V�DUH�FODVVLILHG�DV�SUREDEOH�FDUFLQRJHQV��DQG�SRWHQWLDOO\�DIIHFW
UHSURGXFWLYH��QHXURORJLFDO��LPPXQRORJLFDO��DQG�HQGRFULQH�SURFHVVHV�LQ�WKH�KXPDQ�ERG\���5HFHQW
UHVHDUFK�VXJJHVWV�WKDW�3&%V�PD\�EH�DEOH�WR�DFW�DV�HQGRFULQH�GLVUXSWRUV�LQ�ZD\V�VLPLODU�WR�PDQ\
SHVWLFLGHV�DQG�GLR[LQV��0F.LQQH\�DQG�:DOOHU�������

3&%V�UHPDLQ�D�VLJQLILFDQW�FRQFHUQ�EHFDXVH��DOWKRXJK�WKH\�KDYH�QRW�EHHQ�SURGXFHG�LQ�WKLV
FRXQWU\�IRU�RYHU�D�GHFDGH��WKH\�DUH�RIWHQ�UHOHDVHG�LQWR�WKH�HQYLURQPHQW�LQ�FRPEXVWLRQ�JDV
HPLVVLRQV�ZKHQ�3&%�FRQWDLQLQJ�PDWHULDOV�DUH�LQFRPSOHWHO\�EXUQHG���,Q�DGGLWLRQ��DSSUHFLDEOH
FRQFHQWUDWLRQV�DUH�VWLOO�IRXQG�LQ�ZDWHU��DQG�DQLPDO�DQG�KXPDQ�WLVVXH��PLON��DQG�EORRG���$V
UHSRUWHG�LQ�6HFWLRQ�,,�$��WKH�PDMRULW\�RI�ILVK�DGYLVRULHV�LQ�WKH�*UHDW�:DWHUV�DUH�GXH�WR�WKH
SUHVHQFH�RI�3&%V�

2QH�UHFHQW�VWXG\�FRPSDULQJ�VHUXP�3&%�OHYHOV�LQ�SHRSOH�ZKR�DWH�*UHDW�/DNHV�ILVK��L�H��
FRQVXPHUV��WR�D�FRQWURO�SRSXODWLRQ�IRXQG�WKDW�VHUXP�3&%�OHYHOV�GLG�QRW�FKDQJH�VXEVWDQWLDOO\
RYHU�D�VHYHQ�\HDU�SHULRG��+RYLQJD�HW�DO���������DV�VKRZQ�LQ�7DEOH�,,������7KH�VWXG\�SURSRVHV�D
QXPEHU�RI�UHDVRQV�IRU�WKH�VWDWLF�3&%�OHYHOV�LQ�WKH�ILVK�FRQVXPLQJ�SRSXODWLRQ�������UHVWULFWLRQV�RQ
3&%�SURGXFWLRQ�DORQH�PD\�QRW�HQVXUH�GHFUHDVLQJ�OHYHOV�RI�3&%�H[SRVXUH�LQ�KXPDQ�SRSXODWLRQV�
����RWKHU�VRXUFHV�RI�3&%�FRQWDPLQDWLRQ�PD\�EH�PDMRU�VRXUFHV�RI�H[SRVXUH��RU�����VHYHQ�\HDUV�PD\
QRW�EH�D�ORQJ�HQRXJK�WLPH�WR�VHH�D�GHFUHDVH�LQ�ERG\�EXUGHQV�RI�3&%V��GXH�WR�WKH�SHUVLVWHQW
QDWXUH�RI�WKHVH�FRPSRXQGV��LQ�KXPDQ�SRSXODWLRQV�

3RWHQWLDO�VRXUFHV�RI�H[SRVXUH�WR�3&%V�RWKHU�WKDQ�ILVK�FRQVXPSWLRQ�DUH�GLVSRVDO�RI
SUHYLRXVO\�PDQXIDFWXUHG�SURGXFWV�FRQWDLQLQJ�3&%V��DWPRVSKHULF�WUDQVSRUW�IURP�RWKHU�FRXQWULHV
ZKHUH�3&%V�DUH�VWLOO�SURGXFHG�DQG�XVHG��DQG�F\FOLQJ�RI�3&%V�LQ�WKH�HQYLURQPHQW���7KH
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Workshop on Developmental Neurotoxic
Effects Associated With PCB Exposure

In September 1992, EPA sponsored a
workshop on the developmental nervous system
effects of PCBs.  At this meeting, experts
addressed whether currently available health
effects data are sufficient to support develop-
mental neurotoxicity data in risk assessment. 
Some current findings regarding human health
effects associated with PCBs were discussed and
are summarized below.

& Women exposed to PCBs through
contaminated cooking oil experienced
irregularities in menstrual cycles, which may
suggest alteration in ovarian function. 

& Potential nondevelopmental nervous system
effects include headaches, numbness, altered
peripheral nerve function, and decreased
neurobehavioral function measured through
visual memory and problem solving ability.  In
animals, PCB exposure has been shown to
affect the actions of dopamine (a brain
neurotransmitter).

& PCB exposure has been associated with
atrophy of the thymus and immunosuppression
in animals (i.e., inhibition of immune cells
required for tumor resistance).  

& Chloracne and liver dysfunction are associated
with occupational exposure to PCBs in humans. 
In animal studies, increased mortality, skin
ailments, hepatotoxicity, and weight loss have
been demonstrated.

Source:  U.S. EPA 1993b.

ZLGHVSUHDG�XVH�RI�3&%V�LQ�HOHFWULFDO�HTXLSPHQW�LV�RI�FRQFHUQ��EXW�WKHUH�KDV�EHHQ�DQ�LQFUHDVHG
DZDUHQHVV�RI�WKH�FRPEXVWLRQ�RI�ZDVWH�FRQWDLQLQJ�3&%V���7KH�FRQWLQXHG�GHWHFWLRQ�RI�3&%
FRQFHQWUDWLRQV�LQ�WKH�HQYLURQPHQW�VXJJHVWV�WKDW�WKHUH�LV�D�UHVHUYRLU�RI�3&%V�IURP��ROG��SROOXWLRQ
WKDW�F\FOHV�EHWZHHQ�VHGLPHQWV��ZDWHU��DQG�DLU�

,Q�YLHZ�RI�WKLV�HYLGHQFH�RI�FRQWLQXLQJ
SHUVLVWHQFH�RI�3&%V�LQ�WKH�HQYLURQPHQW�DQG
LQ�WKH�KXPDQ�SRSXODWLRQ��HIIHFWV�RQ�KXPDQV
UHODWHG�WR�WKLV�JURXS�RI�FKHPLFDOV�UHPDLQ�D
FRQFHUQ�DQG�PDQ\�VWXGLHV�DVVHVVLQJ�WKHLU
HIIHFWV�DUH�FXUUHQWO\�XQGHUZD\���$�����
ZRUNVKRS�VSRQVRUHG�E\�(3$�GRFXPHQWHG
VHYHUDO�KXPDQ�KHDOWK�HIIHFWV�IURP�H[SRVXUH
WR�3&%V��VHH�VLGHEDU����2WKHU�UHFHQW�ILQGLQJV
LQFOXGH�

® &DUFLQRJHQLFLW\���,Q�UHVSRQVH�WR
HYLGHQFH�WKDW�WKH�GHYHORSPHQW�RI
FDQFHU�PD\�LQYROYH�PLVFRPPXQ�
LFDWLRQ�EHWZHHQ�FHOOV��D�UHFHQW�VWXG\
LQYHVWLJDWHG�WKH�HIIHFW�RI�3&%�H[SR�
VXUH�RQ�LQWHUFHOOXODU�FRPPXQLFDWLRQ
LQ�KXPDQ�EUHDVW�FHOOV�DQG�IRXQG�WKDW
FHOO�FRPPXQLFDWLRQ�ZDV�LQKLELWHG�ZLWK
LQFUHDVLQJ�GRVHV��.DQJ�HW�DO��������

® 5HSURGXFWLYH�DQG�'HYHORSPHQWDO�(IIHFWV��
,Q�IHPDOH�UDW�SXSV�JLYHQ�GRVHV�RI
3&%V��RQH�VWXG\�REVHUYHG�GHOD\HG
SXEHUW\��IHUWLOLW\�LPSDLUPHQW��DQG
LUUHJXODU�HVWUXV�F\FOH�SDWWHUQV��6DJHU
DQG�*LUDUG���������7KH�LQYHVWLJDWRUV
VXJJHVWHG�WKDW�WKHVH�UHSURGXFWLYH
HIIHFWV�PD\�EH�UHODWHG�WR�LPSDLUPHQW
RI�HQGRFULQH�IXQFWLRQ���2QH�VWXG\
IRXQG�WKDW�FRQVXPSWLRQ�RI�3&%�
FRQWDPLQDWHG�VSRUW�ILVK�IURP�/DNH
2QWDULR�GLG�QRW�LQFUHDVH�WKH�ULVN�IRU
VSRQWDQHRXV�IHWDO�GHDWK�LQ�KXPDQV�
ZKLFK�KDV�EHHQ�REVHUYHG�LQ�YDULRXV
PDPPDOLDQ�VSHFLHV�DIWHU�3&%�H[SRVXUH��0HQGROD�HW�DO��������

® 1HXURORJLFDO�%HKDYLRUDO�(IIHFWV���7KH�HIIHFWV�RI�SUHQDWDO�H[SRVXUH�WR�3&%V�RQ�QHXURORJLFDO
IXQFWLRQ�LQ�FKLOGUHQ�ZHUH�LQYHVWLJDWHG�LQ�D�IROORZ�XS�VWXG\�RI�FKLOGUHQ�IURP�WKH
FRQWDPLQDWHG�ULFH�RLO�LQFLGHQW�LQ�7DLZDQ��LQWURGXFHG�LQ�WKH�GLVFXVVLRQ�RI�HQGRFULQH
GLVUXSWRUV�HDUOLHU�LQ�WKLV�VHFWLRQ����5HVHDUFKHUV�FRQFOXGHG�WKDW�H[SRVXUH�RI�WKH�IHWXV�WR
3&%V�PD\�LPSDLU�WKH�SV\FKRORJLFDO�IXQFWLRQV�RI�WKH�EUDLQ�LQ�WKH�FKLOG�DQG�WKDW�3&%V�PD\
SHUVLVW�LQ�WKH�EUDLQ�IRU�D�ORQJ�SHULRG��&KHQ�DQG�+VX�������
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® 2WKHU�1RQFDQFHU�(IIHFWV���3UHQDWDO�H[SRVXUH�WR�3&%V�ZDV�DVVRFLDWHG�ZLWK�ORZHUHG
LQWHOOHFWXDO�IXQFWLRQ�LQ�VFKRRO�DJH�FKLOGUHQ��-DFREVHQ�DQG�-DFREVHQ���������7KH�PRVW
KLJKO\�H[SRVHG�FKLOGUHQ�ZHUH�WKUHH�WLPHV�DV�OLNHO\�WR�KDYH�ORZ�DYHUDJH�,4�VFRUHV�DQG
WZLFH�DV�OLNHO\�WR�EH�DW�OHDVW�WZR�\HDUV�EHKLQG�LQ�UHDGLQJ�FRPSUHKHQVLRQ���(IIHFWV�ZHUH
DVVRFLDWHG�RQO\�ZLWK�SUHQDWDO�H[SRVXUH��HYHQ�WKRXJK�ODUJHU�TXDQWLWLHV�RI�3&%V�DUH
WUDQVIHUUHG�E\�EUHDVW�IHHGLQJ�WKDQ�DFURVV�WKH�SODFHQWD�

$V�GLVFXVVHG�LQ�WKH�UHFHQWO\�SXEOLVKHG�KHDOWK�HIIHFWV�UHDVVHVVPHQW�IRU�GLR[LQ��VRPH�3&%V
KDYH�EHHQ�IRXQG�WR�SURGXFH�VLPLODU�HIIHFWV�DV�GLR[LQV�

320���$V�VKRZQ�LQ�7DEOH�,,����DGYHUVH�KXPDQ�KHDOWK�HIIHFWV�DVVRFLDWHG�ZLWK�320
LQFOXGH�UHSURGXFWLYH�DQG�LPPXQRORJLFDO�HIIHFWV��DV�ZHOO�DV�SUREDEOH�FDUFLQRJHQLFLW\���+HDOWK
HIIHFWV�GDWD�RQ�320�DUH�DYDLODEOH�SULPDULO\�IRU�SRO\F\FOLF�DURPDWLF�K\GURFDUERQV��3$+V���RQH
JURXS�RI�320�FKHPLFDOV���5HFHQW�OLWHUDWXUH�RQ�KHDOWK�HIIHFWV�RI�3$+V�FRUURERUDWHV�SUHYLRXV
ILQGLQJV�DQG�LQYHVWLJDWHV�WKH�PHFKDQLVP�RI�DFWLRQ�IRU�3$+�HIIHFWV�

® &DUFLQRJHQLFLW\���7KHUH�LV�VRPH�VSHFXODWLRQ�WKDW�XOWUDYLROHW�OLJKW�DFWV�DV�D�FRIDFWRU�LQ�WKH
GHYHORSPHQW�RI�3$+�DVVRFLDWHG�VNLQ�FDQFHU��DOWKRXJK�WKLV�K\SRWKHVLV�UHTXLUHV�IXUWKHU
HYDOXDWLRQ��6DERRUL�DQG�1HZFRPEH��������

® 5HSURGXFWLYH�DQG�'HYHORSPHQWDO�(IIHFWV���,W�KDV�EHHQ�GHPRQVWUDWHG�LQ�KXPDQ�SODFHQWD�VDPSOHV
WKDW�VKRUW�WHUP�H[SRVXUH�WR�WZR�3$+V��EHQ]R>D@S\UHQH�DQG���PHWK\OFKRODQWKUHQH�
LQFUHDVHV�WKH�VHFUHWLRQ�RI�KXPDQ�FKRULRQLF�JRQDGRWURSKLQ��+&*���DQ�LPSRUWDQW�KRUPRQH
LQ�WKH�KXPDQ�SODFHQWD��LQ�WKH�ILUVW�WULPHVWHU���7KLV�HIIHFW�ZDV�PDLQWDLQHG�DIWHU�DSSOLFDWLRQ�RI
WKH�3$+V�ZDV�GLVFRQWLQXHG���7KH�VHFUHWLRQ�RI�WKLV�KRUPRQH�PD\�EH�LQYROYHG�LQ�DGYHUVH
UHSURGXFWLYH�HIIHFWV�REVHUYHG�ZLWK�WKHVH�SROOXWDQWV��%DUQHD�DQG�6KXUW]�6ZLUVNL�������

® ,PPXQH�6\VWHP�(IIHFWV���([SRVXUH�RI�H[SHULPHQWDO�DQLPDOV�LQ�WKH�ZRPE�WR�3$+V�ZDV
IRXQG�WR�DOWHU�GHYHORSPHQW�RI�WKH�LPPXQH�V\VWHP�DQG�FDXVH�VHYHUH�DQG�VXVWDLQHG
SRVWQDWDO�LPPXQRVXSSUHVVLRQ��L�H���LQKLELWLRQ�RI�LPPXQH�FHOOV�QHFHVVDU\�IRU�WXPRU
UHVLVWDQFH���+ROODGD\�DQG�/XVWHU���������

3(67,&,'(6

7KH�SHVWLFLGHV�RI�FRQFHUQ�IRU�WKH�*UHDW�:DWHUV�DUH�FKORUGDQH��''7�''(��GLHOGULQ�
KH[DFKORUREHQ]HQH����+&+��OLQGDQH��DQG�WR[DSKHQH���$V�VKRZQ�LQ�7DEOH�,,����WKHVH�SHVWLFLGHV�DUH
SUREDEOH�KXPDQ�FDUFLQRJHQV�DQG�SRWHQWLDOO\�UHVXOW�LQ�WR[LF�HIIHFWV�WR�UHSURGXFWLYH��LPPXQH��DQG
HQGRFULQH�V\VWHPV��DV�ZHOO�DV�RWKHU�QRQFDQFHU�HIIHFWV�

0XFK�RI�WKH�UHFHQW�OLWHUDWXUH�FRQFHUQLQJ�DGYHUVH�KHDOWK�HIIHFWV�IURP�H[SRVXUH�WR�WKH
SHVWLFLGHV�RI�FRQFHUQ�LQ�WKH�*UHDW�:DWHUV�GLVFXVVHV�WKHLU�HVWURJHQLF�DQG�RWKHU�KRUPRQDO�HIIHFWV
�VHH�HDUOLHU�GLVFXVVLRQ�RI�HQGRFULQH�GLVUXSWRUV���DV�ZHOO�DV�PHFKDQLVPV�RI�DFWLRQ�RI�WKHVH�HIIHFWV
�&KRZGKXU\�HW�DO��������)RVWHU�HW�DO������D������E��-RKQVRQ�HW�DO��������-XEHUJ�DQG�/RFK�&DUXVR
������0F1XWW�DQG�+DUULV���������&XUUHQW�UHVHDUFK�WKDW�KDV�IXUWKHU�H[SORUHG�WKH�PHFKDQLVPV�RI
DFWLRQ�RI�WKH�SHVWLFLGHV�LQ�SURGXFLQJ�WKHLU�NQRZQ�HIIHFWV��RWKHU�WKDQ�HQGRFULQH�GLVUXSWLRQ��DUH
VXPPDUL]HG�EHORZ�

® &DUFLQRJHQLFLW\���,Q�UHVSRQVH�WR�HYLGHQFH�WKDW�WKH�GHYHORSPHQW�RI�FDQFHU�PD\�LQYROYH
PLVFRPPXQLFDWLRQ�EHWZHHQ�FHOOV��D�IHZ�UHFHQW�VWXGLHV�KDYH�LQYHVWLJDWHG�WKH�HIIHFWV�DQG
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PHFKDQLVP�RI�DFWLRQ�RI�FDQFHU�SURPRWLQJ�FKHPLFDOV��LQFOXGLQJ�GLHOGULQ��''7��OLQGDQH�
DQG�WR[DSKHQH��RQ�LQWHUFHOOXODU�FRPPXQLFDWLRQ��.DQJ�HW�DO��������/HLEROG�DQG�6FKZDU]
������5LYHGDO�HW�DO��������7DWHQR�HW�DO����������7KH\�KDYH�IRXQG�WKDW�FHOO�FRPPXQLFDWLRQ�LV
LQKLELWHG�ZLWK�LQFUHDVLQJ�GRVHV�RI�WKHVH�FKHPLFDOV�

® 5HSURGXFWLYH�DQG�'HYHORSPHQWDO�(IIHFWV���,Q�DGGLWLRQ�WR�VWXGLHV�RI�UHSURGXFWLYH�HIIHFWV
DVVRFLDWHG�ZLWK�HQGRFULQH�GLVUXSWLRQ��UHFHQW�VWXGLHV�GLVFXVV�WKH�HIIHFWV�DQG�DFFXPXODWLRQ
RI�WKH�SHVWLFLGHV�LQ�UHSURGXFWLYH�RUJDQV��H�J���RYDU\���%RXUTXH�HW�DO��������/LQGHQDX�HW�DO�
������6LQJK�HW�DO����������2QH�UHFHQW�VWXG\�FRQFOXGHG�WKDW�''7�LV�QRW�WR[LF�WR�VSHUP
�/LQGHU�HW�DO��������

® 1HXURORJLFDO�%HKDYLRUDO�(IIHFWV���6WXGLHV�RQ�WKH�DGYHUVH�HIIHFWV�IURP�H[SRVXUH�WR�QHXURWR[LF
SHVWLFLGHV�SURYLGHG�IXUWKHU�VXSSRUW�RI�WKHLU�DGYHUVH�QHXURORJLFDO�HIIHFWV��LQYHVWLJDWHG�WKH
PHFKDQLVPV�RI�DFWLRQ�SURGXFLQJ�WKHVH�HIIHFWV��WKH�VSHFLILF�UHJLRQV�RI�WKH�FHQWUDO�QHUYRXV
V\VWHP�DIIHFWHG��H�J���WKH�PRWRU�SULPDU\�FRUWH[�DQG�KLSSRFDPSXV�LQ�WKH�EUDLQ���DQG
ZKHWKHU�WKHUH�LV�D�FULWLFDO�H[SRVXUH�SHULRG�IRU�WKHVH�HIIHFWV��%DUUyQ�HW�DO��������(ULNVVRQ�HW
DO��������������*LOEHUW�DQG�0DFN�������*ROGH\�DQG�7D\ORU�������*RSDO�HW�DO�������
-RKDQQVRQ�HW�DO��������.LOEXUQ�DQG�7KRUWRQ�������1DJDWD�HW�DO��������5LYHUD�HW�DO���������
0DQ\�RI�WKHVH�VWXGLHV�HYDOXDWHG�QHUYRXV�V\VWHP�HIIHFWV�GXULQJ�GHYHORSPHQW�LQ�\RXQJ
DQLPDOV��DQG�GHWHUPLQHG�WKDW�SURJUHVVLRQ�RI�WKH�HIIHFWV��DV�ZHOO�DV�VHYHULW\�RI�WKHVH
HIIHFWV��LV�LQIOXHQFHG�E\�WKH�WLPH�RI�H[SRVXUH��H�J���IRUPDWLRQ�RI�WKH�QHUYRXV�V\VWHP�LV�D
VHQVLWLYH�VWDJH�RI�GHYHORSPHQW����'DWD�DOVR�VXJJHVW�WKDW�VRPH�HIIHFWV�RI�HDUO\�H[SRVXUH�WR
SHVWLFLGHV�RQ�FHUWDLQ�UHJLRQV�RI�WKH�FHQWUDO�QHUYRXV�V\VWHP�PD\�EH�UHYHUVLEOH�

® ,PPXQH�6\VWHP�(IIHFWV���6WXGLHV�LQYHVWLJDWLQJ�WKH�PHFKDQLVPV�RI�DFWLRQ�IRU�SURGXFLQJ
LPPXQRORJLFDO�HIIHFWV�DQG�WKH�HIIHFWV�RQ�VSHFLILF�RUJDQV�LQ�WKH�LPPXQH�V\VWHP��H�J��
VSOHHQ��KDYH�FRQILUPHG�WKH�SRWHQWLDO�DGYHUVH�LPPXQRORJLFDO�HIIHFWV�UHODWHG�WR�WKHVH
SHVWLFLGHV���,PPXQH�V\VWHP�HIIHFWV��H�J���VXSSUHVVLRQ��DXWRLPPXQLW\��ZHUH�REVHUYHG�LQ
KXPDQV�ZLWK�HOHYDWHG�OHYHOV�RI�FKORUGDQH��0F&RQQDFKLH�DQG�=DKDOVN\���������$QLPDO
GDWD�KDYH�GHPRQVWUDWHG�WKDW�LPPXQH�V\VWHP�VWLPXODWLRQ��L�H���LQFUHDVHG�DQWLERGLHV�
DQG�RU�VXSSUHVVLRQ��H�J���GHFUHDVHG�SURGXFWLRQ�RI�FHUWDLQ�DQWLERG\�IRUPLQJ�FHOOV��PD\
UHVXOW�ZLWK�H[SRVXUH�WR�''7��GLHOGULQ��+&%��DQG�OLQGDQH��)OLSR�HW�DO��������0HHUD�HW�DO�
������5HKDQD�DQG�5DR�������6DERRUL�DQG�1HZFRPEH�������6DKD�DQG�%DQHUMHH������
6FKLHOHQ�HW�DO����������

® 2WKHU�1RQFDQFHU�(IIHFWV���$�UHYLHZ�RI�OLWHUDWXUH�RQ�KXPDQ�KHDOWK�HIIHFWV�IURP�ORQJ�WHUP
H[SRVXUH�WR�SHVWLFLGHV�FRQFOXGHG�WKDW�����FKORUGDQH�PD\�FDXVH�GLVRUGHUV�LQ�ERQH�PDUURZ�
����''7�FDQ�FDXVH�FKORUDFQH��FKURPRVRPH�DEHUUDWLRQV��WUHPRUV��PXVFXODU�ZHDNQHVV��DQG
KLJK�OHYHOV�RI�FKROHVWHURO�DQG�WULJO\FHULGH��DQG�����KH[DFKORUREHQ]HQH�PD\�FDXVH
PHWDEROLF�DEQRUPDOLWLHV�DQG�OLYHU�FDQFHU��0DURQL�DQG�)DLW���������$QRWKHU�VWXG\
GHPRQVWUDWHG�WKDW�OLQGDQH�PD\�LPSDLU�GHYHORSPHQW�RI�EORRG�FHOOV�LQ�WKH�ERQH�PDUURZ
�3DUHQW�0DVVLQ�DQG�7KRXYHQRW�������

1,752*(1�&203281'6

1LWURJHQ�LQ�WKH�PROHFXODU�IRUP�1 �LV�WKH�PRVW�DEXQGDQW�JDV�LQ�WKH�HDUWK
V�DWPRVSKHUH��

DQG�LV�HVVHQWLDOO\�FKHPLFDOO\�LQHUW�XQGHU�DPELHQW�HQYLURQPHQWDO�FRQGLWLRQV���2WKHU�FRPSRXQGV
RI�QLWURJHQ��SDUWLFXODUO\�R[LGHV�RI�QLWURJHQ��DUH�FRPPRQ�LQ�WKH�DLU�GXH�WR�WKHLU�IRUPDWLRQ�PDLQO\
WKURXJK�FRDO�DQG�RLO�IRVVLO�IXHOHG�HOHFWULF�SRZHU�JHQHUDWLRQ�DQG�DXWRPRELOH�IRVVLO�IXHO
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FRPEXVWLRQ��DQG�SURGXFH�D�YDULHW\�RI�HIIHFWV�RQ�KXPDQ�KHDOWK�DQG�WKH�HQYLURQPHQW���(3$�KDV
VHYHUDO�SURJUDPV��LQ�DGGLWLRQ�WR�WKH�*UHDW�:DWHUV�SURJUDP��WKDW�DUH�HYDOXDWLQJ�DQG�DWWHPSWLQJ�WR
UHGXFH�WKH�WKUHDW�WR�KXPDQ�KHDOWK�IURP�DWPRVSKHULF�QLWURJHQ�GLR[LGH��R]RQH��DQG�DFLGLF
SUHFLSLWDWLRQ�RU�SDUWLFXODWHV��8�6��(3$�����F������G��DQG�����H����7KHVH�RWKHU�SURJUDPV�DOVR
H[DPLQH�JHQHUDO�HQYLURQPHQWDO�HIIHFWV�RI�WKH�QLWURJHQ�FRPSRXQGV��ZKLOH�WKH�*UHDW�:DWHUV
SURJUDP�FRQFHQWUDWHV�RQ�WKH�HIIHFWV�IURP�QXWULHQW�HQULFKPHQW��RU�HXWURSKLFDWLRQ��LQ�ZDWHUERGLHV
IURP�DWPRVSKHULF�GHSRVLWLRQ�RI�QLWURJHQ�FRPSRXQGV��VHH�6HFWLRQ�,,�&�RQ�HFRORJLFDO�HIIHFWV��

2[LGHV�RI�QLWURJHQ�DUH�SURGXFHG�DEXQGDQWO\�E\�PDQ\�PRGHUQ�FRPEXVWLRQ�SURFHVVHV���2I
WKH�R[LGHV�RI�QLWURJHQ��QLWURJHQ�GLR[LGH��12 ��LV�WKH�PRVW�DEXQGDQW�LQ�HPLVVLRQ�SOXPHV�RU�

YHKLFOH�H[KDXVW���$W�WLPHV��12 �LWVHOI�FDQ�UHDFK�DPELHQW�FRQFHQWUDWLRQV�DVVRFLDWHG�ZLWK�D�YDULHW\�

RI�DFXWH�DQG�FKURQLF�KHDOWK�HIIHFWV���$�PRUH�FRPPRQ�SUREOHP�LV�WKDW��LQ�WKH�SUHVHQFH�RI�VXQOLJKW�
QLWURJHQ�R[LGHV�LQ�WKH�DWPRVSKHUH�UHDFW�ZLWK�YRODWLOH�RUJDQLF�FRPSRXQGV��92&V��WR�IRUP�R]RQH��
$OWKRXJK�R]RQH�LQ�WKH�VWUDWRVSKHUH�LV�HVVHQWLDO�IRU�SURWHFWLQJ�WKH�HDUWK�IURP�KDUVK�XOWUDYLROHW
UD\V��ORZHU�OHYHO�R]RQH��RU�SKRWRFKHPLFDO�VPRJ��FRQWULEXWHV�WR�D�YDULHW\�RI�KHDOWK�SUREOHPV��
$GGLWLRQDO�SUREOHPV�DUH�SRVHG�E\�ILQH�SDUWLFOHV�LQ�WKH�DWPRVSKHUH���8QGHU�FHUWDLQ�FRQGLWLRQV�LQ
WKH�DLU��R[LGHV�RI�QLWURJHQ�FDQ�XQGHUJR�DGGLWLRQDO�UHDFWLRQV�UHVXOWLQJ�LQ�ILQH�SDUWLFOHV�RU
FRQWULEXWH�WR�DFLGV�LQ�DHURVRO�GURSOHWV���(3$�KDV�VHW�KHDOWK�EDVHG�1DWLRQDO�$PELHQW�$LU�4XDOLW\
6WDQGDUGV��1$$46��IRU�12 ��IRU�R]RQH��DQG�IRU�ILQH�SDUWLFXODWHV��ZKLFK�KDYH�PDQ\�VRXUFHV�LQ�

DGGLWLRQ�WR�QLWURJHQ�R[LGHV����$FLGLF�SUHFLSLWDWLRQ�LV�DOVR�DIIHFWHG�E\�QLWURJHQ�R[LGH�HPLVVLRQV�
DQG�LV�WKH�IRFXV�RI�DQRWKHU�(3$�SURJUDP���5HFHQW�SXEOLFDWLRQV�IURP�WKRVH�SURJUDPV�DQG�1$$46
UHYLHZV�VKRXOG�EH�FRQVXOWHG�IRU�GHWDLOV�RQ�WKH�KXPDQ�KHDOWK�HIIHFWV�RI�QLWURJHQ���7KH�*UHDW
:DWHUV�SURJUDP�HYDOXDWHV�WKH�UHGXFWLRQV�LQ�QLWURJHQ�FRPSRXQGV�WKDW�WKHVH�SURJUDPV�KDYH
DFKLHYHG�DQG�KDYH�SURSRVHG��DQG�FRQVLGHUV�WKH�QHW�HIIHFWV�RQ�ZDWHUERGLHV��EXW�GRHV�QRW�DQDO\]H
GLUHFW�KXPDQ�KHDOWK�HIIHFWV�IURP�LQKDODWLRQ��
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Subpopulations with Higher Lifetime Cancer Risks

In developing the Great Lakes Water Quality Guidance (GLWQG), EPA estimated baseline human
health (cancer and noncancer) risks for certain subpopulations in each of the Great Lakes.  Baseline health
risks were based on fish tissue concentrations of chlordane, DDT, dieldrin, hexachlorobenzene, mercury,
PCBs, 2,3,7,8-TCDD, and toxaphene.  Table II-11 presents the low and high estimated lifetime cancer risks,
as well as EPA's "acceptable" range of lifetime cancer risk for human health.  As shown in the table, the risks
to the subpopulations are well above the accepted risk range.

TABLE II-11
Lifetime Cancer Risks in Various Great Lakes Subpopulations Versus

EPA's Appropriate Range of Risk to Human Health a

Subpopulations Low High

Native Americans (subsistence anglers) 18 in 10,000 370 in 10,000

Low income minority sport anglers 25 in 10,000 120 in 10,000

Other sport anglers 9.7 in 10,000 450 in 10,000

EPA's Acceptable Range of Lifetime Cancer Risk for
General Populationb

0.01 in 10,000 to 1 in 10,000

 Cancer risks were driven by fish tissue PCB concentrations which were lowest in Lake Superiora

and highest in Lake Michigan.  Therefore, low end of range represents Lake Superior and high
end represents Lake Michigan.
 EPA's acceptable range of lifetime cancer risk is based on the National Oil and Hazardousb

Substances Pollution Contingency Plan (NCP) [40 CFR Part 300].

Sources:  U.S. EPA 1995a, 1995h.

,,�(��2WKHU�(IIHFWV

,Q�DGGLWLRQ�WR�DGYHUVH�HIIHFWV�RQ�KXPDQ�DQG�HFRORJLFDO�KHDOWK��DWPRVSKHULF�GHSRVLWLRQ�RI
WKH�SROOXWDQWV�RI�FRQFHUQ�PD\�FRQWULEXWH�WR�RWKHU�DGYHUVH�HIIHFWV�LQFOXGLQJ�HQYLURQPHQWDO�MXVWLFH
FRQFHUQV��H�J���HIIHFWV�RQ�VXEVLVWHQFH�ILVKHUPHQ���FRPPHUFLDO�DQG�UHFUHDWLRQDO�ILVKLQJ�ORVVHV��DQG
RWKHU�UHFUHDWLRQDO�ORVVHV���7KLV�VHFWLRQ�SURYLGHV�D�YHU\�EULHI�RYHUYLHZ�RI�WKHVH�RWKHU�SRWHQWLDO
HIIHFWV���7KLV�VHFWLRQ�GRHV�QRW�DWWHPSW�WR�HVWDEOLVK�D�OLQN�EHWZHHQ�WKHVH�HIIHFWV�DQG�DWPRVSKHULF
GHSRVLWLRQ�RI�WKH�SROOXWDQWV�RI�FRQFHUQ�WR�WKH�*UHDW�:DWHUV�

(QYLURQPHQWDO�-XVWLFH�&RQFHUQV

$V�LQWURGXFHG�LQ�WKH�)LUVW�5HSRUW�WR�&RQJUHVV��DQ�LPSRUWDQW�HQYLURQPHQWDO�MXVWLFH�LVVXH
LQ�WKH�*UHDW�:DWHUV�LV�ZKHWKHU�FHUWDLQ�JURXSV�RI�SHRSOH�PD\�KDYH�KLJKHU�H[SRVXUHV�WR�WKH
SROOXWDQWV�RI�FRQFHUQ�WKDQ�WKH�JHQHUDO�SRSXODWLRQ��DQG�WKHUHIRUH�SRWHQWLDOO\�JUHDWHU�ULVNV�IRU
DGYHUVH�KHDOWK�HIIHFWV���2QH�SRWHQWLDO�HIIHFW��FDQFHU��LV�GLVFXVVHG�LQ�WKH�ER[�EHORZ��QRWH�WKDW
QRQFDQFHU�HIIHFWV�PD\�EH�DV�RU�PRUH�LPSRUWDQW��



&+$37(5�,,
27+(5�())(&76

����

6RPH�SRSXODWLRQV�DUH�DW�KLJKHU�ULVN�EHFDXVH�WKH\�PD\�EH�PRUH�YXOQHUDEOH�WR�HIIHFWV��H�J��
FKLOGUHQ����2WKHU�SRSXODWLRQV�PD\�EH�PRUH�KLJKO\�H[SRVHG�EHFDXVH�WKH\�FRQVXPH�ODUJHU
TXDQWLWLHV�RI�*UHDW�:DWHUV�ILVK�WKDQ�WKH�JHQHUDO�SRSXODWLRQ��H�J���IRU�VXEVLVWHQFH�UHDVRQV���WKHVH
SRSXODWLRQV�LQFOXGH�1DWLYH�$PHULFDQV��WKH�XUEDQ�SRRU��DQG�VSRUW�DQJOHUV���)RU�H[DPSOH�
UHVHDUFKHUV�IRXQG�D�UHODWLRQVKLS�EHWZHHQ�ILVK�FRQVXPSWLRQ�OHYHOV�DQG�VRFLRHFRQRPLF
FKDUDFWHULVWLFV�LQ�D�VWXG\�RI�0LFKLJDQ�OLFHQVHG�VSRUW�DQJOHUV���$�FRPELQDWLRQ�RI�PLQRULW\�VWDWXV
DQG�UHODWLYHO\�ORZ�DQQXDO�LQFRPH��OHVV�WKDQ����������ZDV�FRUUHODWHG�ZLWK�KLJKHU�OHYHOV�RI�ILVK
FRQVXPSWLRQ��:HVW�HW�DO����������+LJKHU�ILVK�FRQVXPSWLRQ�UDWHV�KDYH�EHHQ�FRUUHODWHG�ZLWK�KLJKHU
OHYHOV�RI�FRQWDPLQDQWV�LQ�WKH�EORRG�

® +LJK�OHYHOV�RI�GLR[LQV�DQG�IXUDQV�ZHUH�IRXQG�LQ�IUHTXHQW�FRQVXPHUV�RI�ILVK�OLYLQJ�QHDU
WKH�%DOWLF�6HD�LQ�6ZHGHQ���,QGLYLGXDOV�ZLWK�WKH�KLJKHVW�SHUFHQWDJH�RI�ILVK�LQ�WKHLU�GLHW�
VSHFLILFDOO\�ILVKHUPHQ�DQG�ILVKLQJ�LQGXVWU\�ZRUNHUV��KDG�EORRG�OHYHOV�WKDW�ZHUH
DSSUR[LPDWHO\�WKUHH�WLPHV�WKDW�RI�QRQ�ILVK�FRQVXPHUV��6YHQVVRQ�HW�DO��������

® 2Q�WKH�QRUWK�VKRUH�RI�WKH�*XOI�RI�WKH�6W��/DZUHQFH�5LYHU��ILVKHUPHQ�ZKR�FRQVXPHG�ODUJH
DPRXQWV�RI�VHDIRRG�KDG�HOHYDWHG�OHYHOV�RI�3&%V�LQ�WKH�EORRG���7KH�EORRG�OHYHOV�DPRQJ�WKH
KLJKO\�H[SRVHG�ILVKHUPDQ�ZHUH����WLPHV�KLJKHU�WKDQ�FRQWUROV��'HZDLOO\�HW�DO��������

$V�LQGLFDWHG�LQ�6HFWLRQ�,,�$��ILVK�FRQVXPSWLRQ�DGYLVRULHV�DUH�GHVLJQHG�WR�WDNH�LQWR
DFFRXQW�WKH�IDFW�WKDW�VRPH�SRSXODWLRQV�DUH�SRWHQWLDOO\�DW�D�JUHDWHU�ULVN�IRU�H[SRVXUH�DQG�SRWHQWLDO
HIIHFWV�WKDQ�WKH�JHQHUDO�SRSXODWLRQ���5HFHQW�VWXGLHV�LQGLFDWH�WKDW�VRPH�KLJK�ULVN�SRSXODWLRQV�DUH
FKDQJLQJ�WKHLU�ILVK�FRQVXPSWLRQ�DQG�SUHSDUDWLRQ�KDELWV�LQ�UHVSRQVH�WR�ILVK�FRQVXPSWLRQ
DGYLVRULHV���$�VXUYH\�RI�������VSRUW�DQJOHUV�LQ�WKH�*UHDW�/DNHV�VWDWHV�IRXQG�WKDW����SHUFHQW�RI�WKH
UHVSRQGHQWV�KDG�FKDQJHG�WKHLU�ILVK�FRQVXPSWLRQ�EHKDYLRUV��LQFOXGLQJ�PRGLI\LQJ�ILVK�FOHDQLQJ
DQG�SUHSDUDWLRQ�PHWKRGV�DQG�HDWLQJ�OHVV�*UHDW�/DNHV�ILVK��&RQQHOO\�DQG�.QXWK���������$QRWKHU
VWXG\�IRXQG�WKDW�SUHJQDQW�ZRPHQ�RI�WKH�0RKDZN�QDWLRQ�KDG�VXEVWDQWLDOO\�UHGXFHG�WKHLU�ILVK
FRQVXPSWLRQ��)LW]JHUDOG�HW�DO��������

:KLOH�ILVK�DGYLVRULHV�DUH�GHVLJQHG�WR�WKH�UHGXFH�WKH�KDUPIXO�KHDOWK�HIIHFWV�IURP�HDWLQJ
FRQWDPLQDWHG�ILVK��WKH\�PD\�KDYH�QHJDWLYH�FXOWXUDO��VRFLHWDO��DQG�HFRQRPLF�LPSDFWV���$�IHZ�RI
WKHVH�IDFWRUV�DUH�GHVFULEHG�EULHIO\�EHORZ��DGDSWHG�IURP�8�6��(3$�����D��

® 1XWULWLRQDO�9DOXH���)LVK�DUH�NQRZQ�WR�EH�KLJK�LQ�LPSRUWDQW�QXWULHQWV�VXFK�DV�SURWHLQ�DQG
DUH�JHQHUDOO\�ORZ�LQ�IDW���%\�KHHGLQJ�DGYLVRULHV�WR�OLPLW�RU�DYRLG�ILVK�FRQVXPSWLRQ��SHRSOH
PD\�UHGXFH�WKHLU�LQWDNH�RI�DQ�LPSRUWDQW�IRRG�VRXUFH�ZLWKRXW�VXSSOHPHQWLQJ�WKHLU�GLHW
ZLWK�RWKHU�QXWULWLRQDO�IRRGV�RU�YLWDPLQ�VXSSOHPHQWV���7KLV�LV�HVSHFLDOO\�WUXH�IRU�SRRU
VXEVLVWHQFH�ILVKHUV��DIWHU�ILVK�FRQVXPSWLRQ�DGYLVRULHV�DUH�LVVXHG��WKHVH�SHRSOH�PD\�QRW�EH
DEOH�WR�DIIRUG�RWKHU�PHDQV�IRU�HDWLQJ�D�ZHOO�EDODQFHG�GLHW�

® +HDOWK�%HQHILWV�RI�)LVK�&RQVXPSWLRQ���$�GLHW�ULFK�LQ�ILVK�PD\�KDYH�VRPH�LPSRUWDQW�KHDOWK
EHQHILWV��DV�GHPRQVWUDWHG�E\�VWXGLHV�WKDW�KDYH�FRPSDUHG�GLHWV�KLJK�LQ�ILVK�ZLWK
WUDGLWLRQDO�ZHVWHUQ�GLHWV��VXPPDUL]HG�LQ�8�6��(3$�����D����([DPSOHV�RI�SRVVLEOH�KHDOWK
EHQHILWV�IURP�GLHWV�ZLWK�D�KLJK�SURSRUWLRQ�RI�ILVK�DUH�UHGXFHG�ULVN�IRU�FDUGLRYDVFXODU
GLVHDVH�DQG�FHUWDLQ�FDQFHUV���7KHUHIRUH��WKH�KHDOWK�ULVNV�IURP�QRW�HDWLQJ�ILVK�PD\
RXWZHLJK�WKH�SRWHQWLDO�KHDOWK�ULVNV�IURP�HDWLQJ�FRQWDPLQDWHG�ILVK�
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The Arkansas Game and Fish Commission
has estimated a loss of fishing expenditures due
to mercury fish consumption advisories of over $5
million dollars from 1991 to 1992.

Source:  Armstrong 1994.
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EPA is currently funding a project that will
assess the value of certain recreational services
(e.g., bird watching, windsurfing, fishing) to the
Corpus Christi Bay National Estuary Program. 
The objective of this project is to assist in
prioritizing management actions for this estuary. 
Findings from the project will be used, in part, to
provide a framework for assessing both economic
and natural resource value losses due to negative
impacts associated with excess nitrogen loadings
to Corpus Christi Bay and other estuaries.
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